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SATURATED LIQUID DENSITIES OF 

OXYGEN, NITROGEN, ARGON, AND PARAHYDROGEN 

H. M. Roder, R. D. McCarty, and V. J. Johnson 

Integrated tables of pressure, volume, and temperature 
for the saturated liquid, from the triple point to the critical 

point,of oxygen, nitrogen, argon, and parahydrogen are pre- 

‘sented. The tables include entries of integral values of 

temperature in both Kelvin and Rankine, and integral values 

of pressure in both atmospheres and psia. Volumes and densi- 
ties in three different units and a density ratio are tabulated 

for each entry. Estimates of the uncertainty of the tabulated 

data are given. 

Key Words: Pressure, volume, density, temperature, saturated 

liquid, oxygen, nitrogen, argon, parahydrogen, 

uncertainties. 

1. Introduction 

In this report, standard density data for the saturated liquid of 

four commercially important gases are presented. The report was pre- 

pared at the specific request of users such as the Compressed Gas 

Association, the Department of the Air Force, and the State of Calif- 

ornia, who must either pay for goods delivered, or supervise delivery 

to customers. These agencies have experienced a certain amount of non- 

uniformity in costs and billings that arise because different suppliers 

use slightly different methods or values for the physical properties of 

these gases. 

The report is a logical extension of an earlier effort, pamphlet 

P-6, "Standard Density Data Atmospheric Gases and Hydrogen," by the 

Compressed Gas Association. In this pamphlet, values of pressure, temp- 

erature, and density for the Normal Boiling Point (NBP) and Standard 

Temperature and Pressure (STP) were presented. 

Now we need more than just the two state points NBP and STP; we 

need a definition of the saturated liquid curve as well. Also, the 

sources selected for this document are considered to be the best avail- 

able today. The compilations of oxygen, argon, and parahydrogen, each 



representing at least two man years of effort, were not available in 

1965. The source for nitrogen remains unchanged. Numerical values 

differ from the earlier selections by as much as 0.1%. The advantages 

in using the present sources aret 

1. Each of the compilations selected present a consistent set of values 

from a single source for each fluid. 

2. All available data, in particular the correlation of the single 

phase PYT data with the saturation boundaries and the vapor pres- 

sure curve, have been considered, not just the value of the NBP. 

3- The equations of state, in the form of computer programs, allow deter- 

mination of values, both at liquid temperatures and at room tempera-- 

tures. ) 

4. The equations of state used present a consistent set of values for 

the saturation boundary as well as for the compressed fluid states. 

As flowmeter technology improves, an extension to the compressed 

fluid state will become imperative. Such a change can be accom- 

plished without a further adjustment in numerical values. 

We hope that the values presented here will serve as "agreed-on" values 

for some time to come. 

Because NBS has been called upon to make a selection of values, 

a considerable portion of the text is devoted to discussion and an 

estimate of errors. This should satisfy the scholar and scientist. 

Because the use to which the document will be put is eminently practical, 

the tables and graphs are presented primarily in practical units. This, 

and the section on pitfalls or limitations of these tables, should thus 

be useful to the engineer. 

2. Description of Tables and Graphs 

To understand the properties that are presented in the tables and 

graphs, it is helpful to recall one of the "standard" phase diagrams. 

Try to recollect the presentation of isotherms in P-V coordinates as 

given in figure 1. You may recall the rectangular hyperbolas of 
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PV = const of the ideal gas, and the critical isotherm first presented 

in a discussion of the Van der Waals equation of state. This report 

concerns only the equilibrium boundary between the single phase (com- 

pressed) liquid region and the two phase liquid/gas region. The bound- 

ary is emphasized in figure 1 and extends from the triple point to the 

critical point*. 

The first table for each fluid presents values of pressure, temper- 

ature, and density near room temperature. One atmosphere is usually 

accepted as "standard" pressure; however, the values of temperature 

chosen as "standard" or "normal" vary. We, therefore, present values 

at O C, which point is usually called "Standard Temperature and Pressure” 

(STP) , and at 68 F as well as 70 F, both of which are referred to as 

"Normal Temperature and Pressure" (NTP). 

The second table for each fluid presents values for the uncertain- 

ties in the data. For the values of the saturated liquid, the uncertain- 

ties include both the errors in the experimental values and the contri- 

bution to the error by using an analytical function to represent the 

experimental values. Errors for values near room temperature are seen 

to be much smaller because PVI measurements near room temperature can 

be made to great accuracy and a better fit to the equation of state 

can be made. 

The third and principal table presents values of increasing 

pressures (vapor pressure) and corresponding temperatures. These two 

variables define the vapor pressure curve. The table is a merged 

table of even values of pressure in both atmospheres and psia and of 

temperature in both K and R. The corresponding entries of density, 

volume, and density ratio follow. There are two columns of density 

ratios. The first column is labelled "Liquid Volume Correction Factor" 

and will be used as such. Physically it is the ratio of the density 

in question, referred to the density at the Normal Boiling Point (NBP) , 

7 
Strictly speaking, in this phase diagram the NBP and the triple point 

are lines extending from liquid to vapor side at the pressure indicated. 



which in turn corresponds to a pressure of 1 atmosphere. For examples 

of use see case 1, the alternate computation of case 3, case 4, and 

case 5 on page 11. The second column is labelled "NTP (70 F) Volume 

Correction Factor". Physically this ratio is also a ratio of densities, 

namely the ratio of the density in question referred to the density at 

NTP. For this column, NIP is selected to be 70 F and 1 atmosphere. The 

units of the two densities are chosen such that the NTP Volume Correction 

Factor yields directly the equivalent number of cubic feet of gas at 

NTP (70 F) per measured gallon of liquid. For an example of use, see 

ease 3 on page 11. Entries in pressure are closely spaced so that 

interpolation between values should not be required. For parahydrogen, 

the increment in pressure is 1 psia from 1 to 150 psia, and for the 

other fluids the increments are 2 psia between 2 and 200 psia and 5 psia 

between 205 and }0O psia. The tables include entries for the Triple 

Point, the Normal Boiling Point, and the Critical Point, and these 

points are set off by double spacing in the table. Conversion of units 

are given in the appendix. Please note that the number of significant 

figures presented in the tables is not justified on the basis of accuracy, 

but are given to maintain internal consistency. 

The first graph for each fluid is a plot of specific volume vs. 

pressure. The graph can be understood quite easily if you imagine 

figure 1 rotated about the 45° axis, i.e., the coordinates interchanged. 

The very practical reason behind this presentation is that the variable 

most easily and often measured on tanks, etc. is the pressure; thus it 

is sensible to have the pressure displayed as the independent variable. 

Because storage and transport tanks are not usually subjected to 

pressures in excess of 150 psi, this is the limit chosen for the graphs. 

The second graph is somewhat more specialized. It gives the 

Liquid Volume Correction Factor (or density ratio) for a pressure range 

of about 50 psia from slightly below atmospheric pressure. Transfers 

of liquid usually take place at pressure conditions different from 

the Normal Boiling Point (NBP), yet the quantity of liquid transferred 

is desired in figures equivalent to the amount at the NBP. The graph 



assumes that either a pressure or a temperature indicator may be used 

to determine the condition of transfer; thus it is actually a pressure- 

temperature plot of the saturated liquid. It is a rotation about the 

45° axis of the more familiar vapor pressure vs. temperature plot with 

the coordinates interchanged. The temperature scale and the Liquid 

Volume Correction Factor scale are arranged in nomograph style for 

convenience of use. Also, an auxiliary scale for psig has been added 

at the bottom of the graph, and an extra auxiliary scale at the end 

of the report. If the local barometer is different from standard sea 

level, either psig scale can be cut out and positioned for the appro- 

priate altitude. 

3. Discussion 

The nature of progress in cryogenics is such that today's "best" 

value may be superseded tomorrow. In the initial effort, Pamphlet P-6 

of the Compressed Gas Association (1965), only values for the NBP and 

values at NIP were presented. The present report includes values for 

the saturated liquid boundary. In logical sequence, the next refinement 

has to include the PVI values in the compressed fluid states because we 

know that in many applications the fluid entering pump intakes is sub- 

cooled to prevent subsequent cavitation. 

We have selected the following sources: Stewart (1966) for oxygen} 

Strobridge (1962) for nitrogen; Gosman, et al. (1968) for argon; and 

Roder, et al. (1965) as well as Hilsenrath, et al. (1955) for para- 

hydrogen. These sources differ from the earlier selection for the 

CGA effort. As you can see, the compilations for oxygen, argon, and 

parahydrogen were not available in 1965. There is, however, a more 

compelling reason in selecting a compilation as a source. We now require 

not just a vapor pressure curve but a correlation of that curve with 

all available PVT data of the single phase (compressed liquid). A 

further reason is that these sources will permit extension into the 

compressed liquid states when and if such an extension becomes desirable. 



One last advantage accrues when we select these compilations as sources. 

Except for hydrogen, we can get the values at or near room temperature, 

i.e., the STP and NIP values directly from the equation of state, inter- 

polated to the accuracy of the original data. 

The last point requires a bit more discussion because it ties in 

with the uncertainties in the values presented at or near room tempera- 

ture. In the present report we have used a high order interpolation - 

the equation of state - to get STP and NIP values. We are justified in 

using a high order interpolation because the various experimenters went 

to considerable lengths to get the most accurate PVT values at condi- 

tions close to room temperature. According to Cragoe (1941), relative 

measurements of pressure and volume near room temperature can be made 

to a few parts per million, and the scatter between PVI values of 

different observers can to a large extent be explained by the use of 

different fundamental constants. In tables 2, 5, 8, and 11, we indicate 

an uncertainty of 0.01% as the uncertainty in molar volume at STP; this 

is the familiar 22.4 liters per mole that is encountered in elementary 

texts. The uncertainty is based on a consideration of the ice point 

temperature, Ty? rather than on a comparison of different experiments. 

The fundamental constant To is now defined to be 273.15 K, but the 

average over a large number of determinations of different investigators 

for different gases was 273.165 (Beattie, 1941). We have taken the 

difference between these two numbers as an indication of the true 

uncertainty in the molar volumes. Even if the values of different 

authors are compared directly, the differences are not much larger than 

0.01%. Take for example hydrogen, the molar volume is 22428.5 em® /mole 

according to Woolley, et al. (1918), while it is 22433.6 em*/mole 

according to Michels, et al. (1959). The difference is O2022%-0) in 

contrast to this there is no difference between recent measurements on 

oxygen by Weber (1968) and those of Michels, et al. (1954) if one uses 

identical values for the fundamental constants R and To. 



The earlier effort (CGA, 1965) was slightly inconsistent in that 

for argon and oxygen linear interpolation* was used, while the higher 

order interpolations were used for hydrogen and auEOReT- The room 

temperature values presented in this report for NIP of oxygen and 

argon will differ by about 0.02% from those given CGA in 1965, while 

those for nitrogen and parahydrogen are unchanged. On the other hand, 

the densities of the saturated liquid at the NBP have changed by 

0.1% for oxygen and nitrogen, and are virtually unchanged for argon 

and parahydrogen. 

Another word on errors given in tables 2, 5, 8, and 113 in 

obtaining entries for our primary tables, we have assumed either 

temperature and density or temperature and pressure to be exact. 

Thus only uncertainties in pressure in the first case and density 

in the second case are of concern and should be presented. However, 

uncertainties for all three variables (P-V-T) are presented. This 

allows the user to enter the tables with any combination of variables 

and obtain the uncertainty in the resulting value. Other considera- 

tions are also important. One is that our practical temperature scales 

differ from the thermodynamic one--the absolute one. This is the 

indication in the tables of error as far as temperature is concerned. 

Occasionally the uncertainties given for temperature may simply indicate 

the extent to which we are able to measure or achieve a certain tempera- 

ture. The situation with pressure is similar. In our laboratories, with 

high precision apparatus, we can achieve a resolution of, say, O.OO1 atm. 

However, an equation of state is normally a function of temperature and 

density, that is, P = f(T,p), leading most compilers to present un- 

certainties in terms of pressure deviations assuming the density to be 

exact: In this compilation, where deviations in pressure were avail- 

able, we included them as additional information. 

Exactly as recommended by Hilsenrath, et al. (1955), but not taking 

advantage of the accuracy inherent in the data. 
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4. Limitations and Usage 

In practice, a number of problems are encountered that would intro- 

duce errors beyond what we might expect from the uncertainties inherent 

in the data. A few of the practical problems are indicated below. 

a) The informed engineer recognizes that the processes of transfer, 

transport, pressurizing, siphoning, and stratification in storage tanks are 

all non-equilibrium events. The properties presented in this report are 

equilibrium properties. 

b) We have indicated that pump intakes, or, for that matter, flow 

meter intakes, are usually subcooled to prevent cavitation. As the need 

arises, the user can extend the graphs of specific volume vs. pressure, 

figures 3, 5, 7, and 9, by adding appropriate isotherms for the compres- 

sed liquid states. This can be done by referring to the source docu- 

ments and by noting that the liquid isotherms in the range of the graphs 

are almost straight lines. This is indicated schematically in figure 2 



where the isotherms for oxygen, nitrogen, and argon are shown as 

straight lines. For parahydrogen the isotherms may show some slight 

curvature, as indicated. 

c) The purity of the product will also play a role. The proper- 

ties presented here are for the pure product made available under 

laboratory conditions, and may not be appropriate for certain purity 

grades of commercially available gases without some adjustment for the 

known impurities. 

ad) The values presented in this report were obtained from 

various computer programs. We have in the past made these programs 

available to any user requesting them. However, different computers 

will return different results from the same programs; in particular, 

they will round differently. The user should be aware of the follow-= 

ing: The accuracy of the data for liquid conditions is on the order 

of 0.1 to 0.3%, while the accuracy of the room temperature values is 

on the order of 0.01 to 0.02%. We have, therefore, printed no more 

than 5 digits anywhere. Please bear in mind that even the fourth digit 

is uncertain for most values, that is, the digits printed are only to 

maintain internal consistency of the tables and to allow you to check 

out your computer programs. If occasionally pairs of values or reci- 

procals do not seem to correspond, then the fault can be traced to 

rounding errors. 

Examples of usage are included because they may be of value to 

individuals not skilled in the use of graphs. We have mentioned the 

compensation for altitude. As an example, atmospheric pressure in 

Boulder, Colorado, is near 12 psia. If we had a pressure gage which 

measured pressure with respect to atmospheric pressure, i.e., a gage 

which reads psig and not psia, then we could cut out the extra auxi- 

liary scales at the end of the report and paste them on graphs }, 6, 

8, and 10 over the main scale with the zero of the auxiliary scale 

lined up with the 12 on the primary scale. 

When we use the tables and graphs to prepare billings, a number 

of combinations are possible. The ones likely to occur are discussed 

below. 

LO 



Case 1. Price given in terms of gallons at NEP, 

flowmeter reading 25 gallons, tank pressure reading 26 psia, 

fluid liquid nitrogen, price $ 0.40 per gallon at NBP. 

We would go to figure 6 and enter with 26 psia on the primary 

scale to read out a value of 0.970 for the liquid volume correction 

factor (or the use of table 6 gives a value of 0.9697). 

The billing computation is: 

gallons x liquid volume correction factor x price 

25 gal x 0.970 x $ 0.40/gal = 39-70. 

Case 2. Price given in terms of weight, 

flowmeter reading 25 gallons, tank pressure reading 26 psia, 

fluid liquid nitrogen, price $ 0.06 per pound. 

We would go to table 6 enter with 26 psia and find in the columns 

ef density 6.5341 Ib/gall. 

The billing computation is: 

gallons x actual density x price 

25 gal x 6.5341 lb/gal x $ 0.06/1b = $ 9.80. 

Case 3. Price given in terms of cubic feet at NTP (70 F), 

flowmeter reading 25 gallons, tank pressure 26 psia, 

fluid liquid nitrogen, price $ 4.32 per 1000 ft® (NTP). 

We would go to table 6 and enter with 26 psia to read a value of 

90.19 ft*/gal for the NTP (70 F) volume correction factor. 

The billing computation is: 

gallons x NTP (70 F) volume correction factor x price 

25 Gel SOAS) WE jaa ¢ Ghose Aloo) sty = $9.7h. 

Alternate Computation: Since the column labelled "NTP (70 F) Volume 

Correction Factor" is the combination of the liquid volume correction 

factor multiplied by the equivalent volume at NTP (70 F), we could have 

used figure 6 with a pressure of 26 psia to read a value of 0.970 for 

the liquid volume correction factor and table 4 to obtain the equi- 

valent volume of 93.00, ft®/gal for a temperature of 70 F. 

The billing calculation then becomes: 

gallons X liquid volume correction factor x equivalent volume xX price 

2realn On9 (OmasenOOnmet jal: Ge. 32/1000, £t> = $9.7: 



Case 4. Price given in terms of Standard Cubic Feet (SCF) at STP(0C), 

and our flowmeter is geared to read in cubic feet. 

Flowmeter reading 2158 £23; tank pressure reading 26 psia, 

fluid liquid nitrogen, price $ 4.66 per 1000 SCF. 

We will assume that the gearing ratio of the flowmeter is based 

on the volume change NBP to STP. If so, then the liquid volume correc- 

tion factor still applies and we have to go to figure 6 (or 

table 6) as before to get a value of 0.970. 

The billing computation is: 

cubic feet xX liquid volume correction factor x price 

2158 £t® x 0.970 x $ 4.66/1000 SCF = $ 9.75. 

Case 5. Any of the above, except that we have a temperature sensor on 

our storage or transport tank instead of the pressure gage. 

The temperature reading is 148 R. We would go to figure 6 and 

use a straight edge to read across from the temperature scale 

at 148 R to the liquid volume correction factor scale to get a value 

of 0.972. The value obtained from table 6 for the liquid volume 

correction factor is 0.9717. The corresponding value for density 

ts 6.54 Lb calle 

12 



5. Oxygen 

The data for oxygen tabulated here are from Stewart (1966) and 

Weber (1968). The data for temperatures of 65 K and above were calcu- 

lated by simultaneous solution of the vapor pressure equation and the 

equation of state reported by Stewart. These calculations were performed 

by first solving the vapor pressure equation for either pressure or 

temperature, and using the resulting P and T as input to the equation of 

state to obtain a corresponding density. 

Table 1 

Density of Oxygen at 1 atmosphere near room temperature 

Temperature Density 

bie 
0 .000044660 0.089214 0.011926 
0 .000041602 0.083106 OL OMs EEO 
0 00004145 0.082791 0.011068 

Density Ratios and Equivalent volumes 

density at NBP 
density at the temperature indicated 

13 



Values near room temperature are given in table 1. They differ 

from those given in the CGA pamphlet by 0.02% primarily because a higher 

order interpolation is used here. Uncertainties in the data are given 

in table 2. The main list of values is contained in table 3. The pres- 

sure and temperature of the first two entries in table 3 are from the 

vapor pressure equation as described above, but the densities are from the 

experimental data by Weber. The value of the NBP density in table 3 is 

different by 0.2% from that listed in the CGA pamphlet. The present value 

is considered to be better because it includes additional PVT data. 

Table 2 

Uncertainties in the data for oxygen 

uncertainty range of temperature 

temperature below 90 K 

between 90 and 154 K 

near critical 

room temperature 

volume 0.1% between 54.353 and 60 K 

0.5% between 65 and 150 K 

larger 

than 0.5% between 150 K and critical 

0.01% room temperature 

pressure below 90 K 

between 90 and 154 K 

near critical 

room temperature 

14 
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6. Nitrogen 

The data tabulated for nitrogen are based on the paper by 

Strobridge (1962). The saturated liquid values were calculated by sol- 

ving simultaneously the vapor pressure equation and the equation of 

state. First the vapor pressure equation was solved for either pressure 

or temperature depending on the integral value desired, then using the 

resulting P and T, the equation of state was solved for the correspond- 

ing density. All of the tabulated values were obtained in this manner 

except the critical point. At the critical point the vapor pressure 

equation was used to calculate the pressure from an input temperature 

of 126.26 K but the density was calculated using the theory of 

Table 

Density of nitrogen at 1 atmosphere near room temperature 

Temperature Density 

fee | _ie/eet 
Onc 0 .000044635 0.078066 0.010436 

68 F 0 .000041582 0.072725 0.009722 
70 F 0.00004142h 0.072450 0.009685 

Temperature 
ae em® /gram-mole Pe //159 gal/1b 

O€ 
68 F 
O18 . 

102.860 
103.251 

95 .823 

Temperature Density Ratios and Equivalent volumes 

density at NBP 
density at the temperature indicated 

dimensionless 

AD Oe fd O 

2g 



Figure 4 9605 178 
VOLUME CORRECTION FACTOR is 

for = 98 176 

OXYGEN z 
9700 = © 

i 0296 t 
ee I72¢ 

q 
9808 & t 

‘au 70 
Ses 5 
30 lest! 
OF 

990 > 
=) 
=) 

ie) 
a) 

<) IK) IS 20 25 35 30 
PRESSURE, psia 

ees Ars rsa | [ema ! jae 
15) 0 5 10 [5 

PRESSURE, psig 
20 25 30 

28 





rectilinear diameters and the saturation densities tabulated by 

Strobridge. 

Values near room temperature are given in table 43 as the 

source has not changed, the values remain the same. Uncertainties in 

the data are given in table 5. Near the critical point, the deviations 

between calculated and experimental data goes from 0.2% at 125 K to 

5% at 126 K. The critical density given in table 6 is uncertain by 

5% as well. The bulk of the values are found in table 6. The value of 

the density at the NBP in table 6 should be the same as in the CGA 

pamphlet, yet they differ by 0.2%. This is surprising as the source 

has not changed, and we can only suspect an error in the printing of 

the pamphlet. 

Table 5 

Uncertainties in the data for nitrogen 

uncertainty range of temperature 

temperature 64 to 72 K 

TA tO WAS 3 

room temperature 

volume 0.4% Wis) WO IAS 1% 

increases to 5% ene A216) 16 

0.01% room temperature 

pressure 64 to 72 K 

(2 wo IDS i 

room temperature 
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Figure 5 
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7. Argon 

The data for argon given here are from Gosman, et al. (1968). 

The entire PVI tabulations were calculated by a simultaneous solution 

of the vapor pressure equation and the equation of state reported by 

these authors. The calculation of each point was performed by solving 

the vapor pressure equation for either P or T depending on which was 

the integral value input. Using the P and T so obtained a corresponding 

density was found from the equation of state. 

Table / 

Density of argon at 1 atmosphere near room temperature 

Temperature Density 

wefe[_t/ea 
0 .000044659 Opaalela 0.014888 
0 .000041601 0.103749 0.013869 
0.000041 444 0.103356 0.013817 

Temperature Density Ratios and Equivalent volumes 

density at NBP 
density at the temperature indicated 

dimensionless 

Tak 
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Values near room temperature are given in table 7. These values 

differ from those in the CGA pamphlet by about 0.02% primarily because 

a higher order interpolation is used here. Uncertainties in the data 

are shown in table 8. The tabulation for the saturated liquid line is 

found in table 9. The value of the density at the NBP differs from 

that in the CGA pamphlet by 0.04%. The new correlation includes quite 

recent data both on PVT and on the temperature scale corrections and 

should, therefore, be more accurate. 

Table 8 

Uncertainties in the data for argon 

uncertainty range of temperature 

temperature 0.08% 84 to 87 K 

0.02% CP 3g USK ix 

OROMS eK room temperature 

volume 0.1% triple point to 145 K 

increase to 1% linearly from 145 K to critical 

0.01% room temperature 

pressure 84 to 87 K 

Si wo ish vx 

room temperature 
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8. Parahydrogen 

While the document or source for parahydrogen has changed, the 

numerical values remain the same. The tables for the saturated liquid 

were calculated using the explicit equations for vapor pressure (Weber , 

et al. 1962) and saturated liquid density (Roder, et al. 1963) which 

were incorporated unchanged into the final compilation (Roder, et al. 

1965). The values for temperatures near room temperature were taken 

from Hilsenrath, et al. (1955), using a high order interpolation. This 

is the source used by the experimenters in their determination of the 

liquid densities. The CGA pamphlet cites Dean (1961), who also presents 

a high order interpolation of Hilsenrath's values. 

Table 1O 

Density of parahydrogen at 1 atmosphere near room temperature 

Temperature Density 

wine [ie 
0 .000044588 0.005611 0.000750 
OQ .000041547 0.005229 0.000699 
0 .000041390 0.005209 0.000696 

oF ler 
LSB 

AIL 6 25) 

191.97 

Temperature Density Ratios and Equivalent volumes 

density at NBP 

density at the temperature indicated 

dimensionless ee tay cell 
Bly fates 

105 273 
112.98 
113.41 

22 
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Values near room temperature are given in table 10. As stated be- 

fore, these values do not differ from those presented in the CGA pamphlet 

P-6. Uncertainties in the data are shown in table 11. The main table of 

values pertaining to the saturated liquid are found in table 12. An 

astute observer may detect a difference of one part in 4000 in the 

density at the NBP between this table and pamphlet P-6, but that differ- 

ence is caused only by accumulative rounding errors. 

The properties presented here pertain to parahydrogen. Specifi- 

cations for delivery of parahydrogen are usually stated as 95% para- 

hydrogen with the remainder being orthohydrogen. As a matter of fact, 

producers do not send less than 97% parahydrogen to storage tanks, and 

the liquid when shipped is, or is very close to being, equilibrium 

hydrogen. Equilibrium parahydrogen is 99.79% para at the NBP, and the 

difference between it and 95% parahydrogen amounts to about 0.008 K or 

about 2 mm in pressure. It is easy to see that sophisticated equipment 

is required to detect ortho-para composition. The matter of composition 

is mentioned because the amount of orthohydrogen present has a very 

pronounced effect on the length of storage. 

Table 11 

Uncertainties in the data for parahydrogen 

uncertainty range of temperature 

temperature 0.02 K 

OOM aK 

ae 

pressure 0.05% 

0.01% 

triple point to critical point 

room temperature 

0.1% triple point to 32 K 

near critical increases to 0.3% 

0.01% room temperature 

triple point to critical point 

room temperature 

56 



NO
 

S
W
N
I
O
A
 

Z
e
°
 
ttl 

0
2
8
6
°
0
 

(
Z
L
 
W
E
 

2
5
8
6
°
0
 be°eTtit 
2
9
8
6
°
0
 

s
0
°
2
t
t
 

0
B
8
6
°
0
O
 

o
t
e
e
t
t
 

S
8
8
6
°
0
 

64° 
2tl 

6
1
6
6
°
0
 

g
e
°
2
t
t
 

€
S
6
6
°
0
 

e
e
°
2
t
l
 

7
G
6
6
°
0
 

e
c
°
e
t
t
 

6
8
6
6
°
0
 

T
v
°
e
t
l
 

0
0
0
0
°
T
 

O
L
 
e
t
t
 

9
2
0
0
°
T
 

o
B
°
 
E
T
T
 

2
7
0
0
°
T
 

y
l
e
o
t
t
 

¥
9
0
0
°
T
 

6
S
*
 
H
l
 

7
O
0
T
O
°
T
 

L
8
°
v
{
T
t
 

e
c
l
0
°
T
 

L
0
°
S
T
I
 

9
7
T
O
0
°
T
 

z
s
*
s
t
t
 

0
6
T
0
°
T
 
€
9
°
s
t
t
 

S
6
T
O
°
T
 

T
e
°
*
s
t
t
 

2
t
z
0
°
t
 

o
t
°
o
t
t
 

L
E
2
Z
0
°
T
 

99°9OTT 
982z0°T €

L
°
o
t
t
 

€
6
2
0
°
T
 

L
e
e
z
t
t
 

O
v
E
O
°
T
 

Z
e
°
z
t
t
 

O
v
E
O
*
T
 

2
9
°
L
t
t
 

T
L
E
O
*
T
 e
o
°
z
t
t
 

B
6
E
0
°
T
 

6
7
°
 
s
t
l
 

B
y
v
7
0
°
T
 9
9
°
B
E
T
 

€
9
7
0
°
T
 

€ev°ettl 
e
l
7
0
°
T
 

y
e
°
6
T
l
 

€
2
S
0
°
T
 

6
?
7
°
6
t
l
 

9
E
S
0
°
T
 

9
1
°
0
2
T
 

S
6
S
0
°
T
 

€
E
°
O
e
T
 

0
1
9
0
°
T
 

9
9
°
0
2
l
 

2
2
9
0
°
T
 
1
6
°
0
a
l
 

4
9
9
0
°
T
 

69° 
Tal 

O
€
L
0
°
T
 

9
2
°
t
a
l
 

9
E
L
0
°
T
 

€
S
°
z
e
a
l
 

¥
0
8
0
°
T
 

e
l
*
e
a
t
l
 

Z
s
s
0
°
t
 

g
e
°
e
a
l
 

T
Z
8
0
°
T
 

O
v
°
e
a
l
 

T
e
8
0
°
T
 

Y
y
O
L
O
V
4
 

y
o
L
o
V
4
 

I
T
L
O
3
y
N
N
0
9
 

N
O
I
L
I
3
4
Y
N
0
9
 

(SoZ) 
d
i
n
 

S
W
N
I
O
A
 

O
1
7
 

OT1LV8 ALISN3OG 

e
e
Z
l
°
l
 

z
2
g
t
i
e
l
 S
o
T
z
e
l
 

(aL 1VLO 1 
c
c
e
t
z
e
t
 

2
9
0
z
°
T
 

e
0
0
z
°
T
 

2
0
0
z
°
1
 

L
7
6
9
°
T
 

e
c
6
g
e
l
 

y
8
e
9
e
l
 

9
S
e
8
9
°
T
 0
2
g
o
r
T
 

€
S
l
g
9
°
T
 

e
l
l
o
e
t
 

¥
8
9
9
°
T
 

2
t
9
9
e
T
 

4
0
9
9
°
T
 

LZg9°*T 

g
E
g
9
e
T
 

L
S
7
9
°
T
 9
7
7
9
°
T
 

t
l
e
g
e
t
 

Tze9geT 

2
z
e
g
e
t
 

o
s
2
g
e
l
 2
0
2
9
°
T
 

6
L
1
9
°
T
 

s
S
t
o
e
t
 

1
8
0
9
°
T
 

1
9
0
9
°
T
 

L
L
6
S
°
T
 

g
S
6
s
°
l
 

L
e
6
g
°
T
 O
L
e
s
e
l
 

L
L
i
g
°
t
 

1
9
1
S
°
t
 

e
9
9
c
e
l
 

T
e
g
s
e
l
 2
l
s
s
°
e
l
 

essset 

A
1
/
 

1
7
9
 

b
y
0
E
Z
°
0
 

6
9
6
2
2
°
0
 

9
4
6
2
2
°
0
 

€
0
6
2
2
°
0
 €
6
8
2
2
°
0
 

S
l
e
2
e
°
o
 

9
€
L
2
2
°
0
 

S
E
L
2
2
°
0
 

6
s
9
2
2
°
0
 

6
2
9
2
2
°
0
 

tL£Ss22°h y
e
S
2
2
°
O
 

G
e
v
2
2
*
d
 

96€22°0) 2
4
€
2
2
°
0
 

€
0
E
Z
2
°
0
 

10222°0 
9
6
1
2
2
°
0
 

0
9
t
2
Z
2
°
0
 

9
0
1
T
2
2
°
d
 

6
6
6
T
2
°
0
 

9B861T2°0 

S
u
s
t
2
°
o
 

S
8
e
t
e
°
o
 

6
l
8
t
2
°
o
 
C
9
L
T
?
S
°
0
 

6
S
9
T
2
°
0
 

6
2
9
T
2
°
0
 2
6
S
1
2
°
6
 

s
0
s
t
2
°
o
 e
l
7
t
2
°
o
d
 

B
S
E
T
2
°
O
 

6
c
E
1
2
°
O
 

y
0
E
T
?
Z
°
O
 

s
t
2
t
d
z
°
o
 

0
6
0
T
2
°
0
 g
l
0
t
2
°
o
 

S
7
6
0
2
°
0
 
2
7
8
0
2
°
0
 

Z
1
8
0
2
°
0
 

8
6
2
0
2
°
0
 

8Vpid 

aWNOA 

100°62 
L
0
0
°
8
2
 

a
l
e
°
s
d
 

$
2
b
°
e
2
d
 

I
l
s
°
s
2
 

e
l
L
°
e
2
 e
l
y
*
s
2
 

2
1
9
°
 
82 

I
1
S
°
g
2
 

6
L
9
°
 
Se 

9
0
%
*
 
82 6

S
t
°
e
2
d
 

g
6
c
°
s
d
 

S
u
l
°
u
d
 

g
t
l
*
e
d
 

6
9
0
°
e
2
 

e
v
6
°
L
l
2
 

€
e
6
°
L
2
 

B
B
R
e
L
?
e
 I
2
8
°
l
e
 

9
8
9
°
l
2
 

6
9
9
°
L
l
2
 

E
y
s
e
l
e
 

Z
2
y
o
°
l
e
 

6
S
9
°
L
l
2
 

6
B
b
 
eld 

g
e
S
e
°
l
d
 

0
2
2
°
l
2
 O
e
t
*
l
2
 

g
9
0
°
2
2
 

T
e
d
°
*
l
2
 

6
1
6
°
9
2
 

2
o
y
u
°
9
d
 

z2le8°92d 
0
0
L
°
9
¢
 

2
4
5
°
9
2
 

1
4
2
S
°
9
2
 

0
9
E
°
9
2
 

0
€
2
°
9
2
 

g
6
l
[
'
9
2
 

y
L
l
°
9
d
 

J
1
O
W
=
W
V
 
U
9
 

7
o
W
O
 

TT08s°0 

66lese0 8Scbo°n 8s9EbS°0 yotBS°0 €6S98S° 46285°0 00885°0 80065°0 7
1
0
6
5
°
0
 

1
2
2
0
5
°
6
 
S
Z
E
6
S
°
0
 

E
G
7
6
5
°
C
0
 

0
6
9
6
4
 
°0 C

e
8
6
S
°
0
 

4
€
6
6
5
°
0
 

L
6
1
0
9
°
0
 82209°0 
92€09°0 
&£2709°0 

99209°0 
7
0
8
0
9
°
0
 

2
g
0
l
y
e
n
 

7
g
0
1
9
°
0
 

o
9
d
l
9
°
0
 

9
2
7
1
9
°
0
 

T2zLz19°0 
2
4
0
8
(
9
°
0
 6
6
n
1
9
°
0
 

2
9
1
2
9
°
0
 

0
4
2
2
9
°
0
 

2
6
S
2
9
°
0
 

4
1
9
2
9
°
0
 

8
y
l
2
9
°
O
 

Z
2
T
0
€
9
°
0
 

S
H
E
E
S
?
O
 
2
2
4
€
9
°
0
 

7
2
8
£
9
°
0
 

6
e
l
7
9
°
0
 

L
1
2
4
9
°
0
 

4
1
¢
7
9
°
0
 

W
w
o
/
8
7
 

G
6
t
e
%
y
 

9
E
S
E
°
Y
 

OesEe°+ c
O
Y
E
 

ey 
Z
Q
Y
E
°
Y
 
O
v
e
’
 

+
 

E
B
O
E
*
Y
 

9B°SE°4 l
o
l
y
*
y
 

0
6
l
y
°
4
 

S
O
C
H
*
 +
 

B
l
e
y
°
y
 

y
L
i
y
e
y
 

T
S
9
4
°
4
 

B
S
L
b
*
y
 J
E
b
H
°
y
 

T
e
g
g
e
y
 

9
G
U
G
°
Y
 

L
e
t
g
e
y
 

L
E
C
S
*
Y
 

9
S
7
G
°
4
 

9B87G°% 
C
6
9
S
°
%
 

9
6
9
G
°
%
 

c
E
B
S
°
 +
 

O
G
o
g
°
y
 

TL19°4% S
E
c
C
O
°
V
 

E
0
E
Q
*
Y
 

0
0
5
9
°
7
 

8
S
9
9
°
%
 

c
2
u
g
°
4
 

S
8
d
9
°
4
 6
€
6
9
°
4
 

9
E
I
 
L
o
 

S
I
7
L
°
*
 

C
9
7
1
?
 

E
v
i
l
?
 

6
L
O
L
°
4
 

B
E
Y
R
°
 YF 

e
e
l
e
*
y
 

. 13/97 

A
L
I
S
N
A
G
 

N
S
S
O
4
U
O
A
H
V
U
V
d
 
G
I
N
O
 

G
3
L
V
u
n
L
V
S
 

L
o
>
y
e
0
°
0
 

€
6
S
7
E
0
°
0
 

8
2
9
4
£
0
°
0
 

¥
6
9
%
€
0
°
0
 

6
9
L
4
E
0
°
0
 

L
2
8
y
€
0
°
0
 6
7
6
4
E
0
°
0
 

T
s
6
4
€
9
°
0
 

4¥L0GE0°0 

E
l
T
s
E
e
o
e
d
 

y02gce0e0 
z
9
2
S
€
0
°
0
 

6
E
E
G
E
D
?
0
 

6
L
4
S
E
0
°
0
 

49S5S5£0°0 
9
2
9
S
E
0
°
0
 

T
e
l
c
e
0
°
0
 

6
6
,
5
€
0
°
0
 

L
5
8
S
€
0
°
0
 

S
7
6
S
E
0
°
0
 

6
l
t
o
e
o
e
0
 

1
7
1
9
€
0
°
0
 

c
O
e
g
e
o
e
d
 

B
0
E
9
E
0
°
0
 

gly9ce0°0 
T
i
g
9
e
0
°
0
 

1
8
9
9
€
0
°
0
 B
E
L
I
E
D
?
U
 

2
o
L
9
€
0
°
0
 6
4
6
9
€
0
°
0
 

S
6
6
9
£
0
°
0
 

4
0
2
L
E
0
°
0
 

s
s
2
,
€
0
°
0
 

2
6
2
2
€
0
°
0
 
4
S
H
1
E
0
°
0
 

9
2
9
L
E
0
°
0
 

8
6
9
2
E
0
°
0
 

9
£
6
2
€
0
°
0
 

y
2
1
g
e
0
e
d
 O
L
T
8
E
0
°
0
 

9
0
Z
8
E
0
°
0
 eWd 

JAIOW=WVYO 

bo° 
St 

BSE 
I2 

I
T
°
R
E
 

1 
el 4 

0
0
°
8
E
 

HUW? 
he 

08° 
Le 

oo00° 
12 

S
L
°
L
E
 

€1,6°b02 
6
E
°
L
E
 

t
z
L
°
0
2
 

T
O
°
L
E
 

6
6
9
°
0
¢
 

0
O
°
L
E
 

9
g
S
°
C
6
2
 

1
9
°
9
€
 

g
e
e
’
o
d
 

R
Y
°
O
E
 

g9e¢'0e¢ 

6
1
°
9
E
 

9
6
1
°
0
2
 

C
O
°
9
E
 

0
0
°
0
2
 

oL1°SE 
l
o
8
°
o
l
 

6
2
°
S
E
 

€
0
9
°
6
L
 

0
0
°
S
E
 

b
o
v
°
o
l
 

6L° 
ve 

R7E° 
OL 

92° 
vt 

Ged*6et 
02° 

ve 
0
0
0
°
6
T
 

00° 
HE 

6ge°sBl 
O
L
°
E
e
 

G
2
L
°
s
l
 

R
0
°
E
E
 

L
L
E
°
B
l
 

0
0
°
E
E
 

F
E
E
o
 
st 0

°
 

Ze 
z
0
0
°
g
l
 

04°ZEe 
o
n
0
°
R
t
 

N0°ZE 
BLL 

*L1 
59° 

le 
9eaS°7T 

0
0
°
T
E
 

2
z
e
°
L
t
 Te°0E 
G
T
L
°
L
l
 

0
9
°
0
E
 

G
o
0
%
.
t
 

9
0
°
0
€
 

1
9
9
°
9
L
 

2
8
°
6
2
 

L9S9"9L 
0
0
°
6
2
 

ItTl°9l 
0
8
°
8
2
 

9
0
0
°
9
T
 

€
9
°
A
Z
 

9
0
6
°
S
I
 

0
0
°
g
2
 

9
g
s
°
s
l
 

6
n
r
i
2
 

1
g
0
°
S
t
 

0
0
°
2
2
 

g
o
u
e
s
t
 

0
0
°
9
2
 

bop 
ol 

02°S2 
dn0°y! 

0
0
°
S
2
 

6eB 
el 

Ge° 
v2 

e
0
B
°
e
l
 

A
N
I
S
N
V
Y
 

NIA 
1a» 

S
u
n
l
v
e
d
d
w
a
l
 

v
0
0
%
v
?
 

T9
e°

T 
v
v
0
e
6
l
 

€
6
2
°
T
 

7
o
9
*
a
l
 

C
L
C
 

M
A
W
O
I
 

c
e
)
”
*
t
 

O
C
O
e
x
T
 

s
2
2
°
t
 

o
0
0
0
°
z
t
 

z
s
T
°
t
 

0
0
0
°
9
T
 

$
9
0
°
T
 

y
y
O
P
u
t
 

B
e
0
°
T
 

0
0
0
e
s
T
 

T
2
0
°
T
 

Y
o
9
r
 

vl
 

0
0
0
°
 

0
0
0
e
r
t
 

€
5
6
°
0
 

l
o
g
e
e
t
 

£
2
6
°
Q
 

VG
0°
ET
 

su
s°
0 

vO
0*
2T
 

41
g°
0 

S
t
e
t
 

ZL
L°
0 

0
0
0
°
 

tt
 

8
7
l
°
O
 

0
O
G
F
0
T
 

0
8
9
°
0
 

S
H
B
°
O
 

€
2
1
9
°
0
 

1
2
5
°
6
 

8¥
¥7
9°
0 

0
0
C
*
%
6
 

2
1
9
°
0
 

G
0
0
%
8
 

9
¥
4
S
°
0
 

(
L
A
O
 

AL
 

9
E
S
°
O
 

0
0
0
°
L
z
 

9
l
4
°
0
 

y
o
6
°
9
 

9
L
9
°
0
 

9n
H7
ey
 

6£
4%
°0
 

0
0
0
°
9
 

B
0
v
°
O
 

Li
2*
s 

SS
E°

0 
0
0
0
°
S
 

I
7
E
°
0
 

Li
Le
y 

s2
€°

0 
U
L
T
°
 

4 
¥
e
c
°
O
 

Ou
0e
7 

Z1
2°
0 

B
e
c
r
k
’
 

4
2
2
°
0
 

6
e
T
e
t
 

e
1
2
°
0
 

o
o
d
e
e
 

4
0
2
°
0
 

e
g
g
e
d
 

7
L
t
°
0
 

0
0
0
°
2
 

9
E
T
°
O
 

us
6e
l 

EE
T*
O 

c
o
r
e
l
 

S
6
6
0
°
0
 

t
y
T
e
l
 

g
l
z
0
°
0
 

e
2
0
°
l
 

v
V
E
L
O
°
O
 

T
z
0
°
t
 

S
6
9
0
°
0
 

V
I
S
d
 

W
L
V
 

g
u
n
s
s
3
a
u
d
 

2
t
 

3
7
e
v
l
 

DI 



T0
*z

ot
 

66
8°
0 

I
e
e
e
 

6s
lg

2°
o 

€9
9°

 
Le

 
Ee
le
se
O 

L2
Hl
6°
e 

 Z
eg

te
d*

0 
16

°s
y 

go
s*
s2
 

T
u
e
s
 

90
9°
%¢
 

se°zol 9106°0 sdiectl 66062°0 LeS*te 292ES°0 Z7v6°e eS9TE0?0 SL°OS4 SIv’sS2 000°2s BES°Ee 

os*zol 

BE06°0 

O€Lert 

g£0g2°0 

lIs*te 

O6EES*0 

6€06°E 

SELTEN?0 

orgy 

[2€°S2 

000°ls 

Oly 

e 

sL°2zot 

0906°0 

seoecl 

gL642°0 

Seve 

le 

OzSES*0 

SEvO°y 

Zigteve0 

1H%Sy 

92e°S2 

000°0¢ 

c0v°€ 

o0°Eot 

2806°0 

6€9e°T 

L1642°0 

6Se° 

Te 

US9ES°O 

EELO°y 

68eTe0?0 

Earcy 

6zl°Se¢ 

000°64 

VEEcE 

se°eot 

701T6°0 

*oce°T 

LS8ye°0 

2ee°le 

Teteseo 

= 
=lec0®y 

§=L96TE0?O 

§=—c 

0° 
Sh 

O¢0*s2 

000*%8y 

992°€ 

ce°eol 

TTl6*0 

OBset 

pEvyc°0 

ese°le 

t2veseo 

1920°y 

Toete0?d0 

60°Sy 

000°S2 

€69* 

Ly 

S¢z°e 

os*eot 

9Z16°0 

6yce°l 

99LH2°0 

902°te 

ZT6ES*0 

§=—6 
ZEOD® 

4 
= 

SH 

ZED*O 

= 
gg 
° 
by 

(E6°%o2 

000°Ly 

B6l°E 

sd°eot 6916°0 e0seet stly¥2°0 6Zl°le S90¥S°0 = BS 70° «= ZT ZEOP0 §=— 6 9° 628°%2e 000°94 velee 

T0°v0T 

TL16°0 

eSrecl 

¥lL942°0 

eso°te 

BL19S°0 

B250°4 

 E02zE0°0 

IG°y 

LeL°ve 

v00°S+ 

290°¢ 

G2°40l 

2616°0 

otvert 

619%2°0 

eBe°0Ee 

TOEVS°0 

8=60240°% 

«= 

GL 
2ZENEO) 

= 
hE 

Hy 

ZE9° 

92 

880% 

hy 

000°¢ 

Le°v0t 

¥616°0 

2tvect 

E194?S°0 

9L6°0€ 

ZIEvS°O 

§=966290° 

«= 
EezZE0e0 

86a 

ee 

by 

279°y2 

= 
000° 

7H 

466°2 

ES°y0T 

L126°0 

99€e°l 

ZSSH2°0 

668° 

0E 

Bo77S°0 

OFLO°4 

E9E2E0°0 

Eley 

91S° 

4% 

O0C*Eey 

926°2 

02° 

40T 

Z&26°0 

gfeset 

TiS¥2°0 

878 

°0E 

BESyS*O 

86240°% 

LiyZe0°0 

00% 

bov°v2 

PEE 

?Y 

188°2 

o2°+0T 

04%26°0 

oceeet 

T6%742°0 

2e28°0Ee 

yeSys°0 

Z2eb0°y 

vry2E0°0 

F6°EX 

807° 

re 

0UC 

24 

gse°2 

s0°sol 

€926°0 

yL2eel 

624H2°0 

ol? 

OE 

T2ZyS°0 

y€00°% 

g2g260°0 

42°Ey 

662° 

ye 

000°Ly 

v6oL°2 

ze°sot 

1826°0 

eccerl 

B9Exe°0 

199°0€ 

098475°0 

BECT°s 

 g09Z2E0°0 

bS° 

Eh 

Lel?v2 

000°04 

eel°2 

6s°sot 

O01E6°0 

2vtecl 

90€42°0 

68S°0E 

000SS°0 

EHlIl°y 

 169z2€0°0 

EFrey 

— 

E,l 

oo? 

000°6E 

9S9°2 

9L°sot 

Sze6°0 

2Steet 

99242°0 

6€S°0E 

680SS°0 

602° 

 Sylze0°0 

carey 

000° 

%2 

VOEPHE 

lt9°¢2 

9B°sol 

HEE6°0 

select 

ye5e°0 

TIs°0€ 

TyISS°0 

ByeT°y 

Sleze0e0 

ater 

gg6°E2 

000°vE 

36S°2 

20°90T 

ByE6°0 

e0tert 

LU242°0 

S9v°0eE 

y2egsorn 

OTe 

T° 

Seuze0?0 

20°Ey 

668°E?e 

SI¥°LE 

99S°2 

El°oot 

8S£6°0 

680gel. 

T8ly2°o 

Zev7°0Ee 

€e2ss°0 

7StI°*y 

098926090 

16°24 

G4B8°E? 

OC0°LE 

sIs*2 

T¥°90T 

e€se6°o 

Z2v0g°T 

6lly2°o 

ege°de 

Levsse0 

29¥%1°y 

Sr6zEe0e0 

G2°24 

02L°Ee? 

000¢vE 

USyee2 

69°90T 

1046°0 

G66) 

°T 

GS0452°0 

¥L2°0€ 

2z5SS°9 

TILSt°y 

Zeoeeor0 

yh°ay 

L6S*° 

Ee 

000°SE 

Zee°2 

L6°901 

2€%6°0 

LV6LeT 

266€2°0 

yol°0e 

61Z4SS°0 

O89t°y 

6lTeEEeve0 

c2c2y 

Z17°e2 

000*vE 

VIE°2? 

se°Lol 

1S%6°0 

006,°T 

Be6E2°0 

ylT°0E 

2498gS°0 

T62T°y 

LUZEED20 

20°24 

4ye°e? 

VO0°EE 

9e2°2 

WD 

ge°Lol 

6S%6°0 

96eL°T 

€26e7?°0 

L01°0€ 

0g8S5°0 

TOsl°y 

Sleeeo*o 

O0°2y 

ef 

°c? 

y16°2E 

Opera 

9S°L0l €876°0 2se.et ¥98EC°0 ce0°dEe 21099°0 70OT°d 962€€0°0 6L°ly b12°E? 000°¢E di1°2 

ee°2ol 

g056°0 

e0e8L°T 

008E2°0 

296°62d 

6919G°0 

Blv2°y 

 xLeeeeoed 

oS° 

ly 

g0°Ee 

000°LE 

60T°2 

TO*gol 

4256°0 

ylLiet 

19L€2°0 

€06°62 

09295°N 

98UeZ%> 

IryEEd?0 

OH 

°Iy 

O0v°E? 

Luyeve 

690°2 

et°sot 

FES56°0 

cSizet 

yeLE?°0 

018°62 

72695°0 

§©6©6E 

ET 
2°s 

Blyee0?dO 

Oey 

bh6°ad 

000°0€E 

Iy0°2 

TE°sBol 

0$56°0 

G2LLel 

G69Ez2°0 

028°62 

81795°0 

40¢2°» 

 sSEeseenr0 

cI°ly 

668°22 

ZoE%62 

000°2 

ev°sgol 

1996°0 

gOzz°T 

699€2°0 

1el°62 

Ugr9seN 

0gder4 

LLSEE020 

86 

0* 
Te 

08°22 

000%62 

EL6°l 

67°s0l 9956°0 969L°I 9S9€2°0 ZLL°62 60S95°0 2lcd2°y 6xSeEceO 20°Ty gLL°e2 Ele*se 196°T 

EL°gol 

88S6°0 

9S9z2°T 

€09E!2°9 

01°62 

BE99G°0 

B9kZ2°yh 

S99EE0°0 

6/°04 

199°22 

000° 

S06°T 

70°60I 

S196°0 

9092°T 

9€SE2°0 

029°62 

66195°0 

6e%2*» 

I9LEE090 

E6°04 

_y1s?22 

0u0%z2 

Lee°t 

9€°60I €796°0 sSszet B97ES°O Ges°62 £9695°0 Tlg92°5 gSgeeor0 gz°ds €9€°ee 00°92 69L°T 

s9°601 

6996°0 

60gz°T 

90%E2°O 

LS7°62 

VITLS°C 

«=692t2°4 

«= 

BH 
OEECTO 

§8=6— 

0° 
0 

Z2e°ee 

5p0°S2 

L0L°t 

e9°60l 

1296°0 

0S2°1 

00%EZ2°0 

697°62 

o2ztls°0 

8 
Sele*y 

LS6EED°0 

8 
16°6E 

g02°22 

000e%2 

ToL*t 

oo°ott 

6696°0 

2S4L°T 

TEES 

O 

Z29e°62 

B62L5°0 

29u2°y 

gBS04E0°0 

69°6€ 

640°22 

200°v2 

€E9°T 

oTeott 

8026°0 

LEyLet 

OleEZeo 

9EL°6e 

Osedsen 

T0v2°y 

gB80¥E0°0 

0C9O°6E 

000°22 

ToLet2 

ETO*T 

e£°Otl 6216°0 00y2°L 192E€2°0 12°62 Tipdse0 T662%» O9TFE0°G 6E°6E yes°l2 000er2 S9s*T 

L9°OTl 

8S16°0 

LyELet 

68lec°o 

poled 

29915°0 

€2le*y 

S9cyE090 

60°6€ 

STL°12 

000°22 

L6>°T 

LL°otl 

19L6°0 

ZEELeI 

OztEz°O 

6Sl°62 

569145°0 

«(091E°+ 

624€0°0 

00°6E 

199°I2 

ezl*le2 

BLe°T 

20°ttt 

6816°0 

e62Lel 

ztle2*o 

€60°62 

Z2el5°0 

eScEe°y 

e2leve0e0 

8 
22°8E 

6es°t2 

vooel2 

62y¥°T 

YyOLOW4 

yOLlovs 

310W-wvao 

e 
Wd 

NOTL93yx09 

NOILO34u09 

a1/1Vv9 

8Vo14 

/ 
WO 

Ww9/87 

elsyva1 

/310WeWvdo 

«=ANINNVY 

= 
NTA1AaY 

vVISd 

wLY 

BWNIOA 

(302) 

diN 

 3WNI0A 

OBIT 

OILve 

ALISNIG 

AWNI0A 

ALISNAuU 

SuntvyadWal 

aunssaud 

N
3
9
0
Y
X
G
A
H
V
E
V
d
 

G
I
N
O
I
T
 

G
a
l
v
a
n
i
v
s
 

G
S
N
N
I
L
N
n
o
o
 

zl
 

3
7
8
v
L
 



Z2
8°

E6
 

2
2
2
8
°
0
 

€
9
H
0
°
2
 

S
S
E
L
2
°
0
 

L
e
v
e
v
e
 

#9
88

47
°0

 
9
S
5
9
°
t
 

4
7
0
6
2
0
°
0
 

¥
L
e
0
S
 

L
e
l
°
s
¢
 

T
C
0
*
b
e
 

8
8
6
°
S
 

9
0
°
9
6
 

£6
29
8 

°O
 

E
l
y
0
°
2
 

g
8
2
1
2
°
0
 

Ey
e 

ve
 

BB
e8

y7
°0

 
9H

49
9°

E 
gl
t6
zo
0°
0 

29
° 

0s
 

2
2
l
°
e
d
 

0
0
0
°
2
8
 

0
2
6
°
S
 

82
° 

%6
 

E
T
e
g
?
d
 

E
9
E
0
e
?
 

2
2
c
1
2
°
0
 

6S
e°

 
ve

 
g
0
T
6
7
°
O
 

G
E
L
9
°
E
 

0
o
t
e
2
0
?
0
 

e
g
?
0
c
 

9¢
60

°*
8¢

 
0
0
0
°
9
g
 

2
5
8
°
s
 

L
o
?
 

+
6
 

0
€
e
e
°
0
 

T
d
e
0
°
2
 

s
9
l
i
2
°
0
 

e
e
l
’
 

ve
 

01
 

2Z
64
°0
 

Z
l
y
9
°
t
 

0
9
2
6
2
0
°
0
 

O
°
 

0G
 

0
0
0
°
g
d
 

Bb
yT
°?
Se
 

4
6
1
°
C
 

19
°9

6 
€
E
E
g
°
0
 

y
l
e
d
e
d
 

9
g
l
y
2
°
0
 

9L
Ie
 

He
 

v
e
c
o
v
e
0
 

8
 

«8
ga

2u
g°

et
 

(
9
2
6
2
0
°
0
 

§=
6 

ge
r 

0g
 

0
e
6
°
L
2
 

0
0
0
°
4
g
 

YB
L°

S 
y
l
°
¥
6
 

E
S
E
R
°
O
 

6
9
2
0
°
2
 

0
6
0
,
2
°
0
 

€
6
0
°
 

ve
 

L
y
E
o
x
°
0
 

7
l
9
9
°
E
 

2
e
e
6
2
0
°
0
 

9
2
°
0
S
 

y
2
0
°
L
2
 

00
0°

 
4x
8 

9
I
L
°
S
 

16
°%
6 

yL
1E

g°
0 

g
t
2
d
e
2
 

7
2
0
)
2
°
0
 

01
0°

v¢
 

L
o
v
o
v
e
 

00
8,
°G
 

E
0
4
6
2
0
°
0
 

yi
°0
c 

Lg
B°

 
Le
 

0
0
0
°
t
R
 

37
9°

C 
02
°S
6 

76
€8

°0
 

L9
10

°2
 

6g
69

2°
9 

ge
o°

ec
e 

Lg
SS

v°
0 

«e
6U

z,
°E

 
§=

—4
L¥

62
0°

0 
§=
—2
0°
 

0
 

6R
L°
 

Le
 

00
0°
¢8
 

Ue
S°

S 
E
2
°
S
6
 

L
o
€
8
°
0
 

6s
lt
0e
2d
 

8
7
6
9
2
°
0
 

S
T
6
°
E
E
 

9
0
9
6
7
°
0
 

B
O
T
L
°
€
 

98
47
62
0°
0 

60
°0

s 
e
L
l
°
l
e
 

b
e
s
e
l
s
 

6
9
S
°
S
 

£
9
°
S
6
 

4
1
¥
8
°
0
 

a
t
t
o
e
d
 

7
6
8
9
2
°
0
 

L
7
B
°
c
e
 

9
0
2
6
7
°
O
 

E
B
L
L
°
E
 

S7
G6

Z2
0°

0 
16
°6
4 

l2
L°
L2
 

10
0°

 
tg

 
Z1

g°
s 

9
9
°
S
6
 

S
E
7
8
°
0
 

0
2
0
0
°
2
 

6
2
8
9
2
°
0
 

S
9
L
°
E
E
 

9
2
8
5
4
°
0
 

2
l
2
2
°
E
 

=
 

=6
91
96
20
°0
) 

=
 

gp
 

° 6»
 

2
6
9
°
L
2
 

00
0°

 
2%
 

b
y
s
 

68
°S
6 

S
S
7
g
°
0
 

z
z
0
0
°
2
 

6
9
1
9
2
°
0
 

4
8
9
°
E
E
 

9
4
6
6
7
°
0
 

2
g
e
p
°
E
 

g
B
9
6
2
n
e
0
 

cG
9°
6%
 

Ze
ao

el
e 

00
0%
o2
 

9L
E°

S 
2
1
°
9
6
 

SL
79

8°
0 

y
l
6
6
°
t
 

T
0
l
9
2
°
9
 

y
0
9
°
E
E
 

9
9
0
0
5
°
9
 

2S
VL
 

Ee
 

6
5
2
6
2
0
°
0
 

2
9
°
6
4
 

Z1
s°
l2
d 

6
6
6
9
7
)
 

BO
0E
°S
 

G
E
°
9
6
 

S6
+9
8°
0 

92
66
°1
 

L
E
9
9
2
°
0
 

e
2
s
°
e
e
 

9
8
1
0
5
2
0
 

Ty
sz
°E
 

O€
g6

z2
0°

0 
66
°6
4 

l
o
v
e
e
 

v0
0e
LL
 

U
E
C
 

g
S
°
9
6
 

9
1
S
8
°
0
 

6
1
8
6
°
T
 

7
1
5
9
2
°
9
 

E
b
y
 

c
e
 

s
o
e
d
s
e
a
 

T
e
y
2
°
€
 

1
0
6
6
2
0
°
0
 

1
2
°
6
4
 

d
p
e
 

L
e
 

T
0
0
*
9
2
 

2
L
1
°
s
 

18
°9

6 
9
€
S
8
°
0
 

Te
Es

6°
T 

0
1
S
9
2
°
0
 

H
9
E
°
E
E
 

9
z
9
0
5
°
0
 

Te
4z

°€
 

€
2
6
6
2
0
°
0
 

41
°6
4 

ge
oe

cz
e 

 
0
0
0
°
S
2
 

E0
Te

S 
7
0
°
2
6
 

9
5
5
8
°
0
 

y
8
L
6
°
T
 

1
9
4
9
2
°
0
 

y
B
e
°
E
E
 

9
7
5
0
5
°
O
 

Tl
ez
°€
 

+
y
0
0
E
0
°
0
 

10
°6
4 

G
z
2
°
L
e
 

00
0%

 
47
2 

GE
0°
s 

S
0
°
1
6
 

24
95

8°
0 

Z
8
6
°
t
 

S¥
47

92
°0

 
Te

d°
ce

 
Ig
s0
s°
0 

Sl
uz
e°
e 

L
7
0
0
E
0
%
0
 

00
°6
4 

2
2
2
°
L
e
 

LG
O6
°E
L 

ZE
0%
s 

91
°2
6 

19
58

°0
 

09
26
°1
 

Sl
¥9

2°
0 

Ev
e 

LE
 

Bo
O9
US
°0
 

BS
eL
°E
 

18
00
E0
°0
 

46
°R

H 
Lg
l 

"L
e 

Te
pe

tl
 

00
0°
%S
 

L
e
°
l
6
 

1
1
5
8
°
0
 

LE
LE

eT
 

¥
B
E
9
2
°
0
 

GO
¢d
° 

ee
 

9
9
9
0
S
°
0
 

TO
6o

z°
E 

9
1
T
O
E
0
e
0
 

18
°8

4 
B
e
l
e
 

6
6
6
°
2
L
 

1
9
6
°
 

09
°2
6 

1
6
5
8
°
0
 

06
96
°T
 

2
2
6
9
2
°
0
 

9
2
T
°
c
e
 

14
82
05
°0
 

T6
62

*E
 

L
B
I
0
E
0
°
0
 

»1
°R
h 

e
L
o
°
l
e
 

6
6
6
°
1
L
 

66
8°

4 
EL

°L
6 

8
1
9
8
°
0
 

£7
96
°T
 

6
9
2
9
2
°
0
 

B
y
0
°
E
e
 

8
0
6
0
S
°
0
 

2e
gv

g°
e 

6
S
2
0
€
0
°
0
 

19
°8

4 
€0

0°
 

22
 

v
o
o
e
l
,
 

1l
EB

°4
 

71
°1
6 

8
1
9
8
°
0
 

27
96

et
 

1
9
2
9
2
°
0
 

G
v
0
°
E
E
 

2
1
6
0
S
°
0
 

S
e
u
g
*
e
 

29
z2
0€
0°
0 

09
° 

84
 

9
0
0
°
L
2
 

0
9
6
°
G
L
 

6
2
8
°
4
 

9
6
°
1
6
 

B
6
9
8
°
0
 

Le
ce

*t
 

L
o
l
g
2
°
0
 

0
L
6
°
2
E
 

e
z
v
t
s
e
n
 

6
a
 

l
g
r
e
 

1
L
E
0
E
0
9
0
 

8
 

24
°R

y 
8
2
6
°
9
2
 

T
O
0
*
u
L
 

E9
L%

d 
02
°8
6 

65
99

°0
 

0S
g6
°T
 

s
t
t
g
2
°
o
 

16
8°

de
 

C
o
l
l
S
*
0
 

§6
—€

9d
g%

E 
«
=
 

E
U
H
0
E
0
*
0
)
=
—
s
E
E
 

°
 

By
 

1g
8°
9¢
c 

00
0°

69
 

S6
9°

%%
 

£
9
°
8
6
 

6
1
9
8
°
0
 

y0
G6
°T
 

€
4
0
9
2
°
0
 

ol
eb
°c
e 

T
z
2
t
s
°
0
 

E
S
t
g
°
e
 

G
L
y
0
E
0
°
0
 

6l
°a
y 

y
)
L
°
9
2
 

00
0°

%H
Y 

4
2
9
°
 

99
°8

6 
0
0
2
8
°
0
 

gS
r6

°l
 

2
t
0
9
2
°
0
 

9
e
L
°
2
e
 

C
e
e
l
s
*
0
 

v
h
¥
g
°
E
 

B
Y
g
0
E
d
 

0
 

8
 

Ss
0*

gy
 

9
6
9
°
9
2
 

0U
0°

29
 

6S
S°
4 

G
l
°
8
6
 

2
0
2
8
°
0
 

T7
y6
°T
 

6
g
6
g
2
°
0
 

L
O
L
°
2
E
 

B
E
v
I
S
*
O
 

6
i
7
g
°
t
 

Gl
gG

0E
02

0 
00
°%
yy
% 

1
9
9
°
9
2
 

6
2
9
°
9
9
 

YE
S°
y 

06
°8

6 
02

19
8°

0 
Zl
v6
°T
 

0
S
6
g
2
°
0
 

g
S
9
°
c
e
 

S
I
S
I
5
°
0
 

}§
©=

69
eS

e"
E 

§=
—:
 

0 
9
0
0
2
0
 

T6
°L

4 
L
1
9
°
9
2
 

0
0
0
°
9
9
 

lo
ve

y 
E
1
°
6
6
 

1¥
29

°0
 

99
ee
°l
 

6
8
8
g
e
°
0
 

Te
s°

de
 

L
e
g
t
s
e
d
 

d
e
y
e
°
e
 

=—
9f
F6
90
E0
90
) 

Zh
e 

Ly
 

BE
S°

 
9?

 
0
0
0
°
9
9
 

Ce
v°

y 
L
E
°
6
6
 

2
9
1
8
°
0
 

oz
ee
et
 

l
2
s
g
2
°
0
 

4
0
S
°
2
E
 

6
g
L
T
S
*
0
 

6
t
z
g
*
e
 

S
9
L
0
E
0
*
0
 

2
9
%
L
4
 

1S
97
°9
2e
 

D0
08

 
9
 

SS
E°
y 

09
°6

6 
€8
24
98
°0
 

G
L
z
e
r
t
 

99
24

92
°9

 
L
2
v
e
2
e
 

Z
e
s
l
s
e
o
 

O
l
s
g
°
e
 

B
e
R
0
E
0
"
0
 

RH
eL

y 
9,

 
E°
92
 

V0
O%
ES
 

Le
c°

y 
98
°6
6 

€
0
8
8
°
0
 

6
2
2
6
°
1
 

g
0
l
g
2
°
0
 

O
S
E
*
Z
E
 

S0
0¢

2s
°0

 
6
:
 

€
0
6
B
°
E
 

=
 

@ 
L
6
0
E
G
°
0
 

=
 

EE
 

Ly
 

4
6
2
°
9
2
 

vo
0e

zy
9 

6
l
2
°
y
 

e
0
°
0
0
T
 

4
2
8
8
°
0
 

Ee
Te

rl
 

44
79

62
°0

 
4
L
e
°
e
e
 

6
2
t
Z
s
°
0
 

S
6
6
e
*
e
 

S
u
6
0
E
0
°
0
 

RI
*L
y 

1
2
°
9
2
 

o0
00
*l
9 

Is
l*
y 

TE
°0
0T
 

G
¥
8
8
°
0
 

BE
T6
°T
 

48
S5

62
°9

 
L
6
t
°
Z
e
 

eg
e2

se
°0

 
p
e
v
e
e
e
 

6S
50

TE
0*

0 
F0
°L
y 

l
2
t
°
9
2
 

0
0
0
°
U
9
 

£B
0°

y 
9E

°0
0T

 
6
7
8
8
°
0
 

62
T6
*l
 

2
i
s
g
2
°
0
 

es
le

2z
e 

$
4
2
2
5
°
0
 

}§
=6

 
S
0
l
6
*
E
 

)§
=—

s 
@ 

LO
T 

EO
*O
 

§=
— 

8
0
°
 

1
°
9
2
 

4
1
8
°
6
S
 

0
1
0
%
 

sS
*0

0l
 

99
88

°0
 

26
06

°T
 

€2
SS

52
°0

 
t2
l*
de
 

L
L
e
d
s
°
0
 

Te
le
°e
 

c
E
T
t
e
0
*
0
 

19
°9
4 

14
0°

92
 

0U
0°

6g
 

ST
O0

%y
 

09
°0

0T
 

12
89

°0
 

€
8
0
6
°
T
 

0
1
S
g
2
°
0
 

yO
l°
ZE
e 

4
0
4
2
5
°
0
 

T0
zd
6°
eE
 

6
v
T
I
E
0
2
0
 

§
 

§+
48
°9
4 

Ez
b°

gz
2 

E
u
l
e
u
s
 

00
0°

% 
19
°0
01
 

11
88
°0
 

0L
06

°1
 

€
6
7
g
2
°
0
 

7
g
0
°
Z
e
 

L
E
v
2
S
*
0
 

§«
=©
99
2e
6°
E)
 

=
 

BY
 

TT
TE
D°
O 

§8=
—_d

€0 
°-
 

9
 

00
0°

92
¢ 

Li
S*

ss
 

28
6°

E 
62
°0
0T
 

24
98
9°
0 

17
06
°T
 

29
7G

2°
0 

y
0
°
Z
E
 

20
S2
5°
0)
 

8=
6y
pd
ec
6°
%E
 

=
 

2 
0
Z
T
E
D
O
 

=
a
 

gg
6°

s2
 

00
0°
%»
S 

Ly
6°
e 

e
0
°
T
o
l
 

6
0
6
8
°
0
 

2
9
0
6
°
1
 

1
0
¥
5
2
°
0
 

g
9
o
°
l
e
 

1z
29
25
°0
 

=
 

gg
 

tg
 

° E T
u
Z
l
E
0
*
0
 

96
°9

4 
g
9
8
°
S
e
 

6
6
6
°
9
S
 

6L
e°

€ 
de
*t
ot
 

0€
68
°0
 

99
69
°T
 

Tv
Eg

e°
o 

z6
B°

le
 

Eg
l2
S°
0 

8
 

29
76
°E
 

8
 

95
ET

E0
°0

) 
8
6
4
°
 

On
 

Qe
l°
s2
 

0
0
0
°
9
S
 

Il
e°
e 

2
°
 

to
t 

1
S
6
9
°
0
 

tl
6e
*t
 

O
B
e
g
e
*
0
 

9
T
s
°
t
e
 

6
L
8
2
5
°
0
 

8§
=6

9 
Ss
6°
E 

L
E
y
l
E
0
?
0
 

2
°
o
4
 

16
9°

S2
 

0
0
0
*
S
s
 

Ev
L 

ee
 

9
L
°
T
O
l
 

€2
16
9°
0 

99
8e

°l
 

02
2s

2e
°o

 
6
E
L
°
T
E
 

9
0
0
€
S
°
0
 

To
96
°E
 

9Q
0S
TE
0°
0 

9
0
°
9
4
 

0
0
9
°
S
2
 

00
0°

%"
S 

VL
O°

E 
g
8
°
T
o
l
 

£
8
6
8
°
0
 

4
r
g
e
r
l
 

T6
ls

g2
°o

 
E
0
L
*
L
E
 

B
9
0
E
5
°
0
 

8
6
9
6
°
E
 

eE
vS

TE
0*

0 
00

°9
4 

9
g
5
°
S
2
 

s
t
s
e
e
s
 

lo
gr

e 

w
O
L
d
V
4
 

dy
OL

OV
S 

A 
10

W=
Wv

 
9
 

eW
d 

N
O
I
L
9
3
y
4
u
0
9
 

N
O
I
L
9
3
u
u
0
9
 

a
1
/
1
V
9
 

a
V
o
i
d
 

U
P
)
 

W
9
/
 

87
 

e
l
a
/
d
1
 

/3
F1
OW
=W
WY
S 

3
N
I
N
N
V
Y
 

N
I
A
I
A
Y
 

vI
Sd

 
WL

V 
S
W
N
I
0
A
 

(3
02

) 
dL

N 
3W

NI
T0

A 
O1
7 

O
I
L
V
Y
 

A
L
I
S
N
3
G
 

S
W
N
I
O
A
 

AL
IS

NA
3G

 
S
u
n
i
v
e
s
d
w
a
l
 

g3
un
ss
au
d 

N
3
9
O
U
G
A
H
V
E
W
d
 

GINXT] 
d
3
l
v
i
n
i
v
s
 

GaNNT4NOD 
2t 

3 e
v
i
 



1
6
°
9
9
 

2
6
4
)
°
0
 

g
o
g
2
°
2
 

y
0
2
0
E
°
O
D
 

El
LU
°s
Ee
 

O
G
2
7
7
°
h
 

s
O
l
e
e
t
 

2
0
¢
€
9
2
0
°
0
 

E
G
°
H
S
 

Z6
e°

 
Ot
 

(
v
0
*
s
2
t
 

9
0
S
°
8
 

2
c
°
S
e
 

S
1
t
s
2
°
0
 

L
2
g
2
°
2
 

y
{
l
O
E
e
r
o
 

6
6
n
°
L
E
 

T
e
e
7
e
d
 

L
O
c
E
c
e
 

9
0
€
9
c
2
0
°
0
 

by
e?
 

bs
 

Zy
e°
C™
e 

0
U
0
*
%
7
2
T
 

b
e
y
°
s
 

e
7
°
s
s
 

2
€
S
1
°
0
 

09
4%
2°
2¢
 

S
c
0
0
E
°
h
 

9
B
2
°
L
E
 

y
e
s
y
v
e
n
 

gO
rt
e°
e 

S
9
4
9
2
Z
0
°
0
 

bE
 

HS
 

L6
L°

O€
e 

v
0
0
%
E
S
1
 

v
l
e
°
g
 

€l
1°
os
 

6
S
5
1
°
0
 

4
6
E
2
°
2
 

9
£
0
6
2
°
0
 

G
L
Y
P
L
E
 

S
S
o
9
v
7
°
0
 

V
O
V
E
T
E
 

€
7
S
9
9
2
0
°
0
 

S2
° 

4s
 

B
H
l
e
o
e
 

l
u
e
e
d
d
l
 

c
0
E
%
g
 

B
6
°
G
R
 

T
e
s
2
°
0
 

6
z
2
E
2
°
2
 

6
7
3
6
2
°
0
 

S
9
S
°
 

Le
 

G
R
L
Y
v
°
O
 

Z
0
s
E
g
°
e
 

0
2
9
9
2
6
°
0
 

G
T
°
*
S
 

gR
u°
dE
e 

v
0
O
*
e
i
e
l
 

v
e
?
’
s
 

€
2
°
9
R
 

€
0
9
2
7
°
0
 

9
9
2
2
°
2
 

2
9
L
6
2
°
9
 

9
S
v
°
L
1
e
 

9
1
T
6
7
7
°
0
 

6
6
5
6
°
L
 

g
o
9
9
Z
0
°
0
 

L
o
°
 

HS
 

L
E
V
 

o
€
 

U
d
Q
e
0
2
1
 

Ss
ol
t°
g 

07
°9
8 

61
9L

°0
 

6l
22

°e
 

20
L6
2°
8 

Og
E°

LE
 

20
0S
¥°
S 

§=
68
99
E°
E 

=—
25

29
20

°0
 

=
F
 

0°
 

4
 

90
5°

OE
 

Lo
d*

ol
t 

vI
lt
°g
 

8
7
°
9
8
 

G
2
Z
9
1
°
0
 

0
0
2
2
°
e
 

1
1
9
6
2
°
9
 

6
7
e
°
L
E
 

G
7
0
S
7
°
0
 

9
O
9
E
°
E
 

S
l
1
2
9
2
0
°
0
 

L
6
°
E
S
 

4
g
6
°
6
¢
 

VO
R 

To
IT
 

1
6
0
°
g
 

€1
°9

9g
 

1
5
9
2
°
0
 

gf
Te

2e
e2

 
2
6
5
6
2
°
o
 

Z2
oc
eL
e 

y.
1S
r7
e0
 

C
6
L
E
°
E
 

T
4
u
9
2
0
°
0
 

BE
 

°E
S 

2
£
6
°
6
2
 

T0
Ce
y 

IT
 

o
d
0
°
g
 

&8
°9
9g
 

1
9
9
1
°
0
 

6
0
l
2
°
2
 

9
S
S
9
6
2
°
9
 

9
O
L
°
L
E
 

C
E
2
S
¥
°
0
 

W
E
D
E
°
E
 

S
b
B
9
d
0
°
0
 

v
B
°
E
S
 

6
6
°
6
2
 

B
Y
S
*
L
I
T
 

0
0
0
°
g
 

1
6
°
9
8
 

6
9
9
2
°
0
 

p
L
0
2
°
2
 

B
0
S
6
2
°
0
 

g
e
t
e
z
e
 

C
o
e
E
S
v
e
O
 

OB
vE
 

ce
 

8
2
6
9
2
0
2
9
 

Q
L
e
E
S
 

6
1
8
°
 

62
 

G
u
d
e
z
 

lt
 

1
9
6
°
2
 

2
e
°
2
R
 

06
59
7°
0 

z
l
o
2
°
2
d
 

G
2
7
6
2
°
0
 

z
e
u
r
l
e
 

T
e
v
s
r
e
a
 

S
B
O
E
’
 

4
9
0
L
2
0
°
0
 

6
9
°
E
S
 

9
7
8
°
6
2
 

Te
o 

si
t 

co
ge

r)
 

97
°1

8 
2t

zi
°0

 
o0
S6
te
2 

Ev
ee
c*
s 

B2
o°

9E
 

BS
SS

7°
0)

 
=
 

O
Y
E
)
 

=
 

O
U
 

LZ
09

0 
)
 

=
a
 

8 ES
 

EL
L 

62
 

eo
ee

 
vi
t 

s2
ue

l 
T
L
°
2
9
8
 

y
E
L
L
°
O
 

6
y
R
t
e
c
d
 

1
9
2
6
e
°
9
 

9
2
3
°
9
E
 

S
g
9
5
7
°
0
 

S
L
I
y
c
e
 

S
S
t
l
2
c
e
0
 

4
°
 

E
S
 

6
T
L
°
6
e
 

v
V
o
e
e
 

I
T
 

S
U
S
Y
)
 

S
o
°
l
e
8
 

S
S
4
1
°
0
 

e
c
e
l
e
d
 

U
s
l
e
6
e
r
d
 

b
E
L
°
9
E
 

e
t
s
s
r
v
e
n
 

W
L
E
Q
E
 

G
e
z
g
l
2
0
e
d
 

G
Y
°
E
G
 

S
9
9
°
 

6
c
 

v
o
o
e
e
l
l
 

o
s
9
°
L
Z
 

6
l
°
s
s
 

G
L
L
L
°
0
 

6
9
1
1
°
2
 

0
0
T
6
Z
°
0
 

E
2
9
°
9
E
 

B
v
E
O
S
v
e
O
 

H
O
r
y
 

te
 

s
9
¢
2
2
0
°
0
 

C
E
°
E
s
 

L
1
9
°
6
d
 

v
u
o
r
d
l
t
 

lz
9o

°*
2 

€
9
°
e
8
 

8
6
2
2
°
0
 

6
4
L
T
°
?
]
 

1
2
0
6
2
°
0
 

€
2
5
°
9
t
 

E
9
0
9
7
°
0
 

B
S
T
H
°
e
 

O
g
e
L
2
6
°
0
 

O
Z
°
E
S
 

95
3°
 

6d
 

vO
e 

L
E
T
 

e
o
s
e
y
 

1
9
°
8
9
 

6
1
8
2
°
0
 

o
s
g
T
e
d
 

2
7
0
8
2
°
o
 

$2
7 

°9
e 

s
E
l
o
r
7
e
s
 

T
S
S
H
°
C
 

$
S
4
1
2
0
°
0
 

C
T
°
E
S
 

1
0
S
°
6
2
 

G
o
G
e
u
L
T
 

Ss
ey

ey
 

lo
°s
ea
 

0
7
8
2
°
0
 

2
6
G
1
°
2
 

7
9
B
E
?
c
°
0
 

9d
 

°9
e 

E
T
E
9
7
°
O
 

G
r
o
b
 

et
 

8
2
S
2
2
6
°
0
 

C
O
°
E
S
 

G
b
v
°
o
d
 

vo
OO
 

S
d
T
 

L
I
o
e
h
 

z
6
°
8
R
 

0
7
8
,
°
0
 

T
o
s
T
t
e
d
 

e
9
8
8
!
"
 

Ga
te

 
°
G
t
 

S
T
E
9
7
°
A
 

D
V
I
H
e
e
 

©
2
5
1
2
0
°
9
 

6
°
E
S
G
 

t
h
y
 

°o
d 

G
u
6
*
y
C
T
 

O
T
e
 

yZ
 

s
l
°
6
g
 

T
9
8
2
°
0
 

y
e
g
t
e
2
d
 

Z
8
L
e
c
°
a
 

6
c
e
°
9
e
 

B
S
E
v
O
v
e
C
 

B
E
L
H
 

EE
 

2
U
g
1
2
0
°
0
 

2
6
°
2
6
 

6
R
E
°
 

6d
 

V0
0*
 

BO
T 

bb
e 

eZ
 

6
€
°
6
R
 

2
8
B
1
°
0
 

L
L
y
l
e
d
.
 

O
t
L
g
2
°
o
 

2
€
1
°
9
E
 

Z
9
S
9
7
°
 

T
e
o
p
e
t
 

9
1
9
1
2
0
°
0
 

C
e
°
2
s
 

S
e
e
u
e
c
 

v
o
o
e
Z
z
o
l
 

W
e
e
m
s
 

€
9
°
6
8
 

£
0
6
2
°
0
 

O
d
y
T
°
2
 

y
e
y
g
d
°
?
o
 

LE
eC

*9
eE

 
S
g
9
9
7
e
0
 

E
Z
o
y
 

ee
 

0
5
1
2
2
0
°
0
 

QL
 

°2
sS

 
1
1
2
°
 

62
 

v
d
0
r
9
S
L
 

e
l
e
s
 

9
8
°
6
8
 

4
2
6
1
°
0
 

H9
ET

*®
? 

6
S
5
8
2
°
9
 

Z
7
0
°
G
E
 

6
0
8
9
%
7
°
9
 

st
yu
s*
e 

€
2
8
l
2
0
°
0
 

N
9
°
Z
G
 

2o
c°
 

be
 

v
0
0
*
s
u
T
 

s
p
i
c
Z
 

0
1
°
0
6
 

S
7
6
1
°
0
 

g
0
E
l
e
e
 

y
B
v
e
c
°
d
 

Ly
e8
°s
e 

z
e
o
9
7
e
d
 

L
O
I
g
e
e
 

9
6
n
L
2
0
°
0
 

6
9
°
2
S
 

Z
2
a
l
*
e
 

v0
0e

 
0
1
 

z
L
0
°
]
 

€
£
°
0
6
 

G
9
5
1
°
0
 

2
s
2
t
e
d
 

O
l
v
e
d
°
o
0
 

4
G
L
°
S
E
 

y
G
U
L
V
e
n
 

6
6
1
G
°
E
 

6
9
6
)
2
0
°
0
 

6
€
°
2
s
 

+0
 

0°
62

 
1
0
0
°
c
0
T
 

6
0
0
°
2
 

1
€
°
0
6
 

8
9
6
1
°
0
 

Sr
2t

e?
2 

0
0
7
g
?
2
°
0
 

Z7
d.
° 

SE
 

C
L
O
L
7
°
9
 

R
r
c
o
e
e
 

s
l
o
L
2
0
°
0
 

L
€
°
2
S
 

1
6
¥
°
6
2
 

T
L
e
°
c
v
t
 

v
0
0
%
%
 

4
8
°
0
6
 

9
8
6
1
°
0
 

L
6
1
T
°
?
 

9
E
E
R
B
S
°
O
 

1
9
9
°
S
E
 

Z
L
U
L
v
°
0
 

T
6
d
g
°
t
 

Z
7
0
8
2
0
°
0
 

R2
°]
!]
s 

Q
b
U
°
o
d
 

0
0
6
*
¢
0
T
 

1
¥
6
°
9
 

9
2
°
0
6
 

2
0
0
8
°
0
 

o
l
l
 

ed
 

e
l
c
g
c
?
)
 

B
u
S
°
S
t
 

e
L
2
l
y
e
9
 

E
9
t
G
e
k
 

6
6
0
9
2
0
°
0
 

NZ
e2

as
 

vO
0°
%6
¢ 

vt
T/
2*
 

to
t 

£
8
8
°
9
 

0
8
°
0
6
 

1
0
0
8
°
0
 

y
e
 

€
9
¢
2
9
?
°
9
 

6
9
5
°
S
E
 

6
6
2
L
l
7
°
0
 

Z
B
L
G
P
E
 

+
l
i
e
s
2
o
°
0
u
 

e
T
°
d
s
 

g
g
o
°
u
C
e
 

o
6
6
%
u
u
l
 

t
l
e
°
9
 

4
0
°
1
6
 

4
2
0
9
8
°
0
 

e
8
d
t
e
d
 

j
6
l
e
d
e
a
 

e
l
v
e
s
e
 

l
a
v
i
r
e
n
 

E
L
I
G
*
L
 

Z
e
l
e
e
o
e
u
 

L
O
°
2
S
 

6
2
6
°
8
e
 

C
o
n
e
v
O
T
 

s
0
v
°
9
 

0
2
°
1
6
 

1
7
0
g
°
0
 

2
s
0
t
e
d
 

z
Z
7
i
g
2
°
d
 

L
U
v
°
S
e
 

€
O
0
S
L
7
°
N
 

H
E
S
G
P
E
 

s
€
2
a
c
0
°
0
 

£
0
°
2
s
 

6g
8°
8e
C 

6
c
E
°
6
6
 

o
S
L
°
9
 

22
° 

ts
 

8
7
0
8
°
0
 

y
e
o
t
e
d
 

e
l
l
e
c
°
o
 

L
e
e
°
s
e
 

€
H
S
l
y
e
d
 

P
9
S
G
°
E
 

o
s
e
R
c
u
e
d
 

9
6
°
I
S
 

6
9
8
°
&
e
 

V
U
0
*
6
6
 

2
€
L
°
9
 

T
S
°
1
6
 

6
9
0
8
°
0
 

0
8
6
0
°
2
d
 

9
7
0
8
2
°
0
 

L
O
¢
°
S
E
 

V
O
I
L
T
E
O
D
 

G
G
9
G
°
e
 

i
t
e
g
z
Z
o
°
0
 

G
a
°
t
s
 

6
0
8
°
 

ge
 

VI
C 

PH
O 

8
9
9
°
9
 

y
L
°
1
6
 

6
8
0
8
°
0
 

1
2
6
0
°
2
 

S
4
6
1
2
°
0
 

L
0
2
°
S
e
 

G
g
l
l
v
e
d
 

9
9
L
G
°
E
 

€
d
4
H
2
0
°
0
 

G
e
s
 

6>
L°
8?
¢ 

uu
d*
?Z
6 

v
0
9
°
9
 

1
6
°
1
6
 

O
T
T
8
°
0
 

9
2
8
0
°
2
 

G
0
6
1
¢
2
°
H
 

e
l
l
°
s
e
 

9
0
6
L
7
°
0
 

J
E
B
G
e
E
 

S
s
l
v
e
c
u
e
d
 

4
9
°
C
 

6
R
9
°
 

B
C
 

v
0
C
%
9
6
 

c
€
S
°
9
 

0
2
°
2
6
 

0
€
T
g
°
0
 

2
2
8
0
°
2
 

GE
eL
12
°O
 

N
E
0
°
G
E
 

L
Z
0
8
9
°
9
 

L
e
g
e
r
e
 

2
¢
g
8
z
0
°
0
 

e
S
°
I
s
 

1
2
9
°
8
2
 

v
u
0
*
s
o
 

9
9
6
°
9
 

£
7
°
2
6
 

0s
ig
°o
0 

9
4
1
0
°
2
 

o
9
l
1
2
°
o
 

Z7
O°
 

FE
 

L
y
t
e
v
e
c
s
 

L
T
b
g
e
e
 

6
l
9
e
g
Z
u
e
d
 

2
4
°
I
s
 

9
9
%
°
8
d
 

T
U
5
*
7
6
 

9
6
e
°
9
 

9
9
°
2
6
 

T
Z
(
g
°
0
 

e
l
L
o
e
e
d
 

G
6
9
1
2
°
9
 

S
S
8
°
 

ve
 

8
9
2
8
7
°
9
 

L
O
L
9
%
E
 

e
o
9
8
2
0
°
0
 

TE
° 

tS
 

4
0
S
°
y
2
 

6
6
6
°
2
6
 

B
Z
e
°
9
 

0
6
°
2
6
 

l
e
t
g
°
o
d
 

9
9
9
0
°
2
 

1
£
2
9
1
2
°
9
 

B
I
L
 

HE
 

S
B
E
u
r
e
O
 

Z
o
l
g
r
e
 

Z
9
L
B
2
0
°
0
 

6
l
°
t
s
 

Z
b
v
°
 

ee
 

T
0
0
*
d
¢
6
 

u
9
e
*
9
 

eT
l°
es
 

1
1
2
g
°
0
 

g
t
9
0
°
2
 

B
S
S
/
2
°
O
 

Z2
B9
° 

HE
 

¥
0
S
a
d
7
°
O
 

L
e
c
g
e
t
 

e
r
g
a
d
c
e
d
 

R
0
°
T
S
 

6
L
E
°
e
e
 

vo
ce
lé
e 

2
6
l
*
9
 

6c
° 

£6
 

9
2
2
8
°
0
 

6L
90

°2
¢ 

0
1
S
1
2
°
C
 

T2
9°
% 

HE
 

7
o
S
8
7
°
0
 

[
g
t
9
r
e
 

y
s
e
a
d
n
e
d
 

C
O
P
T
S
 

Ee
e’
 

ed
 

L£
62
°.
6 

v
y
t
*
9
 

9
b
 

°
E
6
 

c
€
2
8
°
0
 

4
9
S
0
°
d
 

0
6
7
1
2
°
0
 

L
O
S
°
 

Ee
 

6
2
9
8
7
°
0
 

Z
L
l
t
e
g
r
e
 

s
0
6
8
2
0
°
0
 

1
6
°
0
5
 

S
T
E
°
B
e
 

6
0
6
°
6
%
 

y
e
l
’
s
 

6
5
°
f
6
 

2
s
2
e
°
n
 

e
l
s
o
e
2
d
 

€
2
9
1
2
°
0
 

T
l
U
S
*
v
e
 

t
y
l
k
y
?
0
 

9
9
7
9
°
E
 

9
4
6
8
2
0
°
0
 

S
R
°
 

0S
 

(
s
2
°
e
g
e
 

0
0
0
*
6
x
8
 

9
g
0
°
9
 

a
l
°
e
6
 

6
9
2
8
°
0
 

2
L
£
4
0
°
2
 

L
9
E
L
E
°
O
 

2
7
7
°
 

ve
 

L
o
s
n
7
e
n
 

O
y
s
g
°
e
 

Ss
e0

67
2n

?0
 

9
L
°
0
S
 

g
6
l
°
s
d
 

SL
T?

 
xt
 

00
0°

%9
 

w
O
l
d
v
4
 

Y
O
l
o
v
s
 

3
1
0
w
-
w
v
y
9
 

W
o
 

N
O
I
L
O
3
y
N
Y
O
D
 

N
O
T
L
I
3
9
4
8
Y
0
9
 

8
1
/
1
V
9
 

a
e
d
 

7
—
W
O
 

W
w
9
/
a
7
 

pl
ay

ed
) 

7S
 

1
0
W
=
W
V
Y
S
 

=
 

S
N
I
Y
N
V
Y
 

NI
A 

13
™ 

V
I
S
d
 

WL
V 

B
W
N
I
O
A
 

(4
02
) 

d
N
 

S
W
N
I
0
A
 

O
1
7
 

O
I
L
V
Y
 

A
L
I
S
N
S
O
G
 

B
W
N
I
O
A
 

A
L
I
S
I
V
3
U
 

s
u
n
s
v
u
s
d
W
a
l
 

3
u
n
s
s
s
u
d
 

N
3
9
0
Y
G
A
H
V
Y
E
W
d
 

G
I
N
Y
T
I
T
 

G
a
l
v
a
n
i
v
s
 

G
S
N
N
T
L
N
O
D
 

2l 
371gvL 



NO
 

S
W
N
T
I
O
A
 

S
E
°
0
S
 

0
4
>
7
4
°
0
 

S
0
°
E
9
 

6
S
9
5
9
°
0
 

1
2
°
2
9
 

9
2
6
S
°
0
 

e
7
e
t
L
 

Z
0
E
9
°
0
 

6
9
°
E
L
 

4
6
4
9
°
0
 

L
o
r
e
L
 

€
2
5
9
°
0
 

0S
°9

oL
 

S
7
1
9
°
0
 

9
6
°
L
L
 

S
2
8
9
°
0
 

8
2
°
e
L
 

2
0
6
9
°
0
 

6
S
°
s
L
 

6
2
6
9
°
0
 

6
8
°
s
L
 

9
5
6
9
°
0
 

06
°s
eL
 

4
5
6
9
°
0
 

6
T
°
o
L
 

€
8
6
9
°
0
 

6
7
°
6
L
 

6
0
0
2
°
0
 

6
2
°
6
4
 

S
E
0
L
°
0
 

8
0
°
0
8
 

1
9
0
2
°
0
 

9
€
°
0
8
 

9
8
0
2
°
0
 

2
€
°
0
8
 

1
g
0
2
°
0
 

9
9
°
0
8
 

2
t
l
L
°
o
 

4
6
°
0
9
 

L
E
T
L
E
O
 

6
0
°
1
9
 

Z£
91

21
°0

 

€é
e°
le
s 

2Z
9T
L°
0 

1
S
°
t
@
 

2
e
t
L
°
o
 

e
L
°
1
g
 

T
1
2
2
°
6
 

9
0
°
2
8
 

9
E
Z
L
°
0
 

€
t
°
2
g
 

0
9
2
2
°
0
 

0
9
°
2
8
 

9
8
2
1
°
0
 

2
8
°
2
8
 

L
O
0
E
L
°
O
 

1
0
°
€
8
 

S
Z
E
L
°
0
 

y
l
°
e
s
 

T
E
E
L
°
O
 

1
v
°
e
a
 

¥
S
G
E
L
°
Q
 

6
S
°
E
8
 

TL
ZE
L°
O 

1
9
°
€
@
 

B
L
E
L
°
O
 

£6
°€
98
 

T
0
7
L
°
0
 

6
l
°
r
g
 

4
2
7
1
°
0
 

G%
° 

49
 

L9
77
L°
0 

IL
° 

97
98

 
6
9
4
2
°
0
 

y
O
L
o
W
4
 

yO
L9

OV
4 

IL
03
y¥
Hx
09
 

N
O
T
L
O
3
d
y
9
0
9
 

(3
02
) 

d
N
 

S
W
N
I
0
A
 

O
1
4
 

O
l
i
v
e
 

A
L
I
S
N
I
G
 

L
2
t
e
°
e
 0S40°E 

99S58°¢ 6S589°2 €S09°2d €96S°2 9609°2 

"299°? 

92S¥°2 6ey47e2 GEExe?2 

TEEve?’ 

Zvane2 OSTy¥e2 1909°2 el6ee2 

68egEeccd 

98B8Eed T0Ogered ellecd 9B9E°%¢e Gt9eeed yaSe°d yLyeed obeecd LIeEee2 lyzeed s9Tee2 

Otleed 

Todere Ll0Eed 9962°2 yyv6e°d e4ee¢e2 Z20g2°2 zEzeced €992¢°¢ 

a
1
/
1
V
9
 

89605°0 90L04°O 

Selee°o 906GE°9 B2BHe°U VOIHE?D BYSEE°O eloze°o 9BL2E°O LS92ZE°0 TESZE°O 92S2b°0 9042E°0 +B82ZE°0 

o9T2e°od Ly0zZEe°n SEGTE°C 

ZEOTE°O SBIl¥yTte°o 

90LTE°O 

v99TE°O 96STE°t LBYxTEPO OBETE°O SLeTE°o TLZLTE°O B90TE°O L900E°S yOB0E°O Ss9B0E°D 69L0E°D LOL0E°0 Z2L90E°O 

9LSOE°O 

28v0E°O BBE0ECN 96c0E°O 

W
V
/
p
i
s
 

S
W
I
I
O
A
 

7
1
°
 

HY
 

6
2
2
°
I
S
 

9
S
U
°
s
y
 

B
e
l
e
a
y
 

Z
E
M
°
 

E
Y
 

2
9
9
°
 

k
y
 

O0
22
d°
2y
4 

L
2
v
°
l
y
 

1
9
2
°
 

6
6
9
°
T
y
 

0
7
6
°
 

0
4
 

4
£
6
°
0
Y
 

y
e
l
°
O
y
 

0
€
9
°
 

0%
 

0
8
7
°
0
%
 

Z
E
E
E
 

O
Y
 

0
6
1
°
 

O
y
 

9
B
L
l
°
0
4
 £
4
0
°
O
4
 

2
0
6
°
6
E
 

6
4
5
°
 

6E
 

E
G
L
°
6
E
 

L
2
9
°
6
E
 

2
6
7
°
 

6E
 

6
S
E
°
6
E
 

6
c
d
c
d
°
6
E
 0
0
T
°
6
E
 

E
L
b
6
°
B
E
 

J
e
B
°
s
E
 

L
y
s
?
 

Be
 

y
c
L
°
s
e
 

B
E
9
°
 

G
E
 

T
0
9
°
S
E
 

I
g
v
°
s
e
 

Z
9
E
°
 

BE
 

b
o
d
?
 

Be
 

L
2
i
.
°
B
e
 

3 10W=WvXeo 
Ae) 

b
2
2
9
e
°
h
 

T
y
u
d
c
d
e
°
0
 

6
0
0
S
E
°
0
 T
e
d
l
e
°
d
 

e
B
E
B
E
?
O
 

c
e
s
e
e
e
 
B
y
B
o
e
r
o
 

T
1
9
0
7
e
N
 

9
1
1
0
7
°
O
 

6
€
0
0
7
°
0
 7
6
0
T
7
°
O
 

G
O
T
I
7
°
0
 i
g
2
t
v
7
e
0
 

L
O
v
I
7
°
O
 

T
9
S
T
7
°
0
 

V
I
L
I
7
°
O
 

To
8l
v°
d0
 

S
o
u
l
7
e
o
 

S
t
0
d
v
7
°
n
 e
g
l
2
7
e
n
 

6
1
2
2
v
°
0
 

C
T
e
E
2
7
*
9
 

9
G
9
2
7
°
0
 

0
0
9
'
2
7
°
0
 

b
y
l
2
4
°
0
 

S
g
8
c
7
°
0
 

8
Z
0
E
7
°
0
 

B
9
1
E
7
°
0
 

T
L
2
t
7
°
O
 

LO
LE
y7
*?
) 

D
y
v
E
e
v
?
 

0
 

C
H
S
E
v
°
?
O
 

7E
8S
E4
7°
0 
G
2
L
E
7
°
9
 

G
G
v
e
7
 

e
o
 

1
6
6
E
7
°
9
O
 

S
2
l
y
v
°
d
 W
9
O
/
0
)
 

0
2
9
6
°
l
 

L9OS%°?S 
6
y
l
9
°
%
e
 

l
o
u
l
e
d
 

Z
t
d
e
°
e
d
 y
2
v
g
e
c
 

B
0
%
b
°
?
 

6
L
e
0
°
%
t
 

1
0
s
S
0
°
E
 

T290°%t 
O
v
L
0
°
E
 

G
7
2
 
0
°
L
 B
S
G
u
0
°
E
 

G
L
O
O
°
E
 

D
O
v
V
T
c
E
 

7
O
0
C
T
°
’
 

p
l
e
t
e
’
 L
T
e
T
r
e
 

6
2
7
 

°E 
O
y
S
T
°
L
 

C
B
S
T
°
E
e
 

O
S
I
T
°
e
 

6
G
L
T
°
E
 

L
O
B
T
°
E
 

S
L
O
T
°
E
 

[
p
u
g
e
e
 

Z
e
i
2
°
e
 

Z
2
6
c
2
°
e
 

6
9
b
2
°
€
 

9
o
t
e
g
e
e
 

0
0
S
2
°
r
 

2
L
5
7
g
°
t
 £
0
9
?
°
t
&
 

S
u
d
c
e
r
e
 9
0
d
2
Z
°
E
 

B
0
o
2
°
t
 g
0
C
E
c
e
 

e
l
s
a
s
a
i
 

A
L
I
S
N
S
U
 

N
3
S
9
O
G
U
A
H
V
E
V
d
 

Q
L
i
v
T
1
 

d
a
l
v
a
n
l
v
s
 

VEgstoe0 02ge6lo°ed 

60g0z20°0 OeTe2oe0 yle2coed €vedene0 G89e20°0 6ely20e0 9€2420°0 le€eyened 9d4920°0 VErbZ0°0 

0¢5%720°0 2(9420°0 

4UL>20°0 4oL720°0 Z288yc0°0 4884c0°0 €16426°0 190S20°0 S60920°0 671G926°0 9€2520°0 2ceg20°0 L0¥¥S20°0 l6ySgc0°u 9259520°0 639920°0 021520°0 27lS520°0 y28Sc0°U 

Tsgodoe0 900G20°0 

Ls6oudt 

eu 

890920°0 sv192ue0 6¢c2920°0 

> 
g
e
 

7
3
 

\
O
W
=
W
V
d
9
 

9E° 
6S 

91,6°2et 

0
0
°
6
S
 

B
L
L
 
°Ze 

1
9
°
8
S
 

e
g
S
°
2
F
 

(
0
°
 
R
y
S
 

Z
2
a
e
°
d
e
 C
9
°
L
S
 

“
§
0
0
°
2
E
 

9
S
°
1
G
 

6
9
6
°
 
LE 0

0
°
L
S
 

199° 
TE 

5
9
°
9
S
 

GLP 
le 1S$°9S 
G
a
y
l
e
 

6
9
°
9
5
 

Lge 
le 

T
4
°
9
G
 

Z
e
e
°
t
e
 

C
4
°
9
g
 

G
e
e
°
l
e
 

c
E
°
9
S
 

262° 
(F 

4
2
°
9
G
 

One° 
LE 

S
1
°
9
S
 

1h]2°Te R
0
°
9
G
 

9gl° 
le 
2
0
°
9
S
 

T
r
e
*
T
e
 

0
0
°
9
G
 

OTL 
LE 

16°g¢q 
490° 

TE 
€
8
°
S
S
 

e
T
0
°
T
e
 

1
8
°
S
S
 

H
9
0
°
T
E
 

6L°Ss 
TL6°0€ 

99°SS 
yzO° 

Ck R
G
°
S
S
 

L
l
a
°
c
e
 

6
4
°
S
S
 

DEBS 
OE 

Ty°SG 
E
Q
L
o
V
E
 Z
E
°
S
S
 

g
e
l
°
o
e
 

+
2
°
G
G
 

Le9° 
bE 

2
1
°
S
S
 

1
G
9
°
0
E
 

S
I
°
S
s
 

Beg 
Ge 

9
0
°
S
S
 

f
O
S
°
 
OE CO°SsS 

9G5°G6t 
1
6
°
4
S
 

Los 
Oe 

68° 
4S 

Z
H
7
°
 Ut
 

H
R
e
H
S
 

Z
H
p
°
v
e
 

LL°%S 
€
6
e
°
0
t
 

2
9
°
%
G
 

CFE 
OF 

3NI 
NV 

Y 
NIA 

14% 

d
d
n
l
v
e
s
d
w
a
l
 

v
I
S
*
2
e
t
 

Z
e
T
°
d
s
t
 

E
G
E
*
O
L
T
 

Z
y
7
o
b
e
1
9
t
 

C
l
r
*
e
d
g
t
 

2
9
9
°
 

1
9
T
 

2
d
S
°
 

vo
l 

T
0
0
e
v
g
T
 

0
0
0
°
S
4
1
 

V
O
0
e
n
H
l
 

T
o
C
*
z
y
T
 

lL
ye
rs
y7
T 

C
O
0
e
y
b
T
 

6
6
6
°
 

7
H
 

O
d
0
e
h
%
y
)
 

T
O
O
e
c
 

+
I
 

L
d
0
°
e
d
r
t
 

L
u
n
e
d
y
t
 

6
o
0
6
e
.
C
y
T
 

O
0
0
%
C
H
)
 

T
g
g
°
v
e
l
 

t
u
d
o
r
,
 

O
0
0
*
s
E
l
 

v
O
0
O
0
*
L
E
T
 

6
6
6
°
S
E
T
 

v
u
0
*
S
E
T
 

0
0
0
°
 

7E
T 

V
O
O
e
c
C
E
T
 

c
9
d
*
d
e
l
 

T
u
0
e
d
c
e
l
 
0
0
0
°
 

L
E
T
 

O
o
€
s
v
e
l
 

6
0
6
°
6
¢
T
 

v
0
0
°
6
2
T
 

v
0
0
°
%
 

s
c
l
 

V
0
0
e
z
d
T
 

G
O
O
°
 

2
2
1
 

V
i
S
d
 

A
d
a
i
S
s
s
s
u
d
 

U
S
N
N
I
L
N
O
O
 

él
 

o
S
l
°
2
t
 

7
o
e
°
2
t
 

0
0
0
°
2
T
 

T
2
y
°
t
l
 

T
S
o
°
t
t
 

o
o
o
°
T
t
 

S
T
S
°
O
T
 

£
0
2
°
0
t
 

SE
T 

O
T
 

T
2
o
0
°
o
t
 €0

0°
0T
 

00
0°
oT
 

S
E
6
°
6
 

49
8°
6 

6
6
1
°
6
 

1€
L°
6 

4
9
9
°
6
 

£9
9°
%6
 

4
0
S
°
6
 

9
2
4
°
6
 

10
S*
°6
 

v
S
v
°
6
 

0
6
E
°
6
 

e
c
t
 

°
6
 

7S
92
°6
 

9
B
l
°
6
 

v
I
l
°
6
 

U
S
0
°
6
 

00
0°
6 

¢8
6°
sS
 

7
1
6
°
8
 

9
9
8
°
8
s
 

9
7
3
8
°
s
 

b
i
l
l
s
 

U
T
z
°
s
 

2
4
9
°
 

7
L
S
°
8
 

W
L
V
 

3
1
8
v
l
 

61 





SPECIFIC VOLUME, ft°/Ib 

ics 

lege Hy 





SPECIFIC VOLUME, ft/lb 

Figure 9 

SPECIFIC VOLUME vs PRESSURE 
for 

PARAHYDROGEN 

PRESSURE , psia 

RERRREEROD! 

wee Soe 
Bemis: | 

63 

Z 

a 



slap <2 

30 54 

29152 

28 50 

a0 
4 48 © 

Cd Lj 

= 26 a 
> =) 
= 46 

< a 
7 25 uu 
O. al 

Ss 442 
J Lid 
t 24 [= 

42 
23 

22 40 

ce 20-+-36 

He I9—_34 
ae | 
O ) |OO ake) [20 |30 140 

| 

80 90 100 lO 120 

64 



9. References 

Beattie, James A. (1941), "The Thermodynamic Temperature of the Ice 
Point," Temperature, Its Measurement and Control in Science and 
Industry, pp. 76-88 (Reinhold Publ. Corp., New York, N. Toe 

Cragoe, C. S. (1941), "Slopes of the PV Isotherms of Some Thermometric 
Gases at Pressures Below Two Atmospheres, Temperature, Its Measurement 

and Control in Science and Industry, pp. 89-126 (Reinhold Publ. Corp., 
New York, N. ois 

Dean, J. W- (1961), "A Tabulation of the Thermodynamic Properties of 
Normal Hydrogen from Low Temperatures to 300°K and from 1 to 100 
Atmospheres ," Natl. Bur. Stds. Tech. Note No. 120. 

Gosman, A. L., R. D. McCarty, and J. G. Hust (1968), "Thermodynamic 
Properties of Argon from the Triple Point to 300 K at Pressures to 

1000 Atmospheres ," NBS Monograph (in press). 

Hilsenrath, Joseph, et al. (Nov. 1, 1955), Tables of Thermal Properties 

of Gases, Comprising Tables of Thermodynamic and Transport Properties 

of Air, Argon, Carbon Dioxide, Carbon Monoxide, Hydrogen, Nitrogen, 

Oxygen, and Steam, NBS Circular 564 (U. S. Government Printing Office, 
Washington, D. C.). 

IUPAC Revised Atomic Weight Values, Chem. Engr. News 37, 42-3 
(Nov. 20, 1961). ipa 

Mechtly, E. A. (1964), The International System of Units, Physical 
Constants and Conversion Factors, NASA P-/012, Scientific and Technical 

Information Division (National Aeronautics and Space Administration, 
Washington, D. C.). 

Michels, A., W. DeGraaff, T. Wassenaar, J. M. H. Levelt and P. Louwerse 

(1959), "Compressibility Isotherms of Hydrogen and Deuterium at 
Temperatures between -175°C and +150°C (at Densities up to 960 Amagat) ,” 
Physica 25, 25-1. 

Michels, A., H. W. Schamp, and W. DeGraaff (1954), "Compressibility 
Isotherms of Oxygen at O°, 25°C and 50°C and at Pressures up to 
135 Atmospheres," Physica 20, 1209-14. 

Roder, H. M., D. E. Diller, L. A. Weber, and R. D. Goodwin (1963), "The 
Orthobaric Densities of Parahydrogen, Derived Heats of Vaporization, 

and Critical Constants," Cryogenics 3, 16-22. 

Roder, H. M., L. A. Weber, and R. D. Goodwin (1965), Thermodynamic 

and Related Properties of Parahydrogen From the Triple Point to 

100°K at Pressures to 340 Atmospheres, NBS Monograph 94 (U. S. Government 
Printing Office, Washington, D. C.) 

65 



31456 

30-54 

20> 
Figure 10 ae 82 

VOLUME CORRECTION FACTOR aj a as 

for EXO 50 

PARAHY DROGEN 
8604 07 

5 = 4g & 

ie E 46 
rr S Wie W 

us 443 

=e | FE 

> 42 
a 25 

=) 
oc 40 
SI 22 

38 

60__ 70 80 90 100 ilo [20 
PRESSURE, psig 





Standard Density Data Atmospheric Gases and Hydrogen, Pamphlet P-6, 

first ed. (1965), Compressed Gas Association, Inc., New York, N. Y. 

Stewart, R. B. (June, 1966), The Thermodynamic Properties of Oxygen, 
Ph. D. Thesis, Univ. of Iowa, Iowa City. 

Strobridge, T. R. (Jan. 1962), The Thermodynamic Properties of Nitrogen 

from 64 to 200 Atmospheres, Natl. Bur. Stds. Tech. Note No. 129; and 
Strobridge, T. R. (Feb. 1963), The Thermodynamic Properties of Nitrogen 
from 114 to 540°R between 1.0 and 3000 PSIA, Supplement A (British Units), 
Natl. Bur. Stds. Tech. Note No. 129A. 

Weber, L. A., D. E. Diller, H. M. Roder, and R. D. Goodwin (1962), "The 
Vapour Pressure of 20°K Equilibrium Hydrogen," Cryogenics 2, 236-8. 

Weber, L. A. (1968) to be published. 

Woolley, Harold W., Russell B. Scott, and F. G. Brickwedde (Nov. 1948), 
Compilation of Thermal Properties of Hydrogen in Its Various Isotopic 

and Ortho-Para Modifications, J. Res., NBS 41, 379-475. 

10. Appendix 

Units and Conversions 

The calculations for all fluids were performed with equations 

whose units were atmospheres, degrees Kelvin, and molar volumes. The 

various units presented in the tables involved the following conversion 

factors (IUPAC 1961 and Mechtly 1964): 

Molecular Weight 

Parahydrogen 2.01594 14.696 PSIA = 1 atmosphere 
Oxygen 31.9988 1.8 degrees R = 1 degree K 
Nitrogen 28 .016 1000.0 em® = 1 liter 
Argon 39.948 28.316847 liters = 1 ft? 

3.7854118 liters = 1 gal 

453.59237 em = 1 1b 
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